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FIRST REPORT of the DEPARTMENTAL CoMMITTEE appointed to inquire into the 
VENTILATION of Factories and WORKSHOPS. 


To the Right Honourable Areras Axers-Dovucias, M.P., His Majesty’s Principal 
Secretary of State for the Home DEPARTMERT. 


Sir, 15th August 1902. 

We have the honour to submit to you the following First Report on the Ventila- 
tion of Factories and Workshops :— 

It is evident that the air breathed by the employees in a factory or workshop can 
be kept pure in two ways: (1) by constantly renewing from outside the whole of the 
air of the room in which work is carried on: (2) by removing impurities locally, or: 
otherwise preventing them from ever mixing with the air breathed. The former 
process may be distinguished as general, and the latter as local ventilation. As a 
general rule dust and fumes can best be dealt with by local ventilation or other 
means, whereas impurities due to the presence of employees, and of lights burning, 
must be got rid of by general ventilation. In the present Report we propose to deal 
only with general ventilation, which is necessary in all cases, whether local ventilation 
may also be required or not. In a further Report we hope to refer to local ventila- 
tion and other means of preventing injury to health by dust and fumes. 

All authorities are agreed that health depends to a large extent on a constant 

and abundant supply of fresh air uncontaminated by other individuals or by any 
substances which cause discomfort or contain poisonous, infective, or otherwise harm- 
ful material. The air of.a building containing human beings cannot, however, be kept 
absolutely pure ; and all that can be demanded for the air of factories and workshops 
is that it should be kept as pure as is reasonably practicable. 
By section 7 of the Factory and Workshop Act, 1901, it is enacted that “in every 
room in any factory or workshop sufficient means of ventilation shall be provided and 
sufficient ventilation shall be maintained”: also that ‘the Secretary of State may, by 
Special Order, prescribe a standard of sufficient ventilation for any class of factories 
or workshops, and that standard shall be observed in all factories or workshops of 
that class, and an order made under this power may supersede any provision of this 
Act or order of the Secretary of State in cotton cloth factories.” . 

_ By the effects of the air upon the senses one can roughly judge as to whether a 
room is sufficiently ventilated according to one’s own subjective standard ; but the 
judgments of different persons agree only very roughly, and are liable to be affected 
by various incidental circumstances. It is therefore desirable to have an objective 
criterion of what constitutes reasonably “sufficient ” ventilation. 

Except in cases where artificial ventilation by fans is employed, it is seldom 
practicable to measure directly with an anemometer the amount of air supplied per 
person in a building; and the only practical objective criterion hitherto legally 
recognised in general administration in connection with all factories and workshops is 
the existence of a certain minimum (250 cubic feet) of air-space per person employed. 
As is shown in Appendix II, however, the existence of a certain cubic air-space 
per person affords no reliable guarantee of reasonably sufficient ventilation, and 
indeed, the most highly vitiated air met with by the Committee was in rooms with an 
air-space of about 10,000 cubic feet per person, or forty times the legal minimum. 

It has long been recognised that the best objective criterion of the sufficiency of 
ventilation in ordinary rooms is the proportion of carbonic acid in the air; and one 
of the chief points to occupy our attention was the question whether it is practi- 
cable to make use of this proportion as a legal standard of sufficient ventilation. 
The chbjection to such a standard appeared to be that the analysis of the air, if 
carried out with sufficient accuracy, was a troublesome and therefore expensive 
process, involving (1) the collection in a large bottle, and conveyance to a laboratory 
of a sample of the air: (2) laboratory manipulations requiring considerable expendi- 
ture of time. 
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With a view to meeting these difficulties a method of analysis, which we have 
made use of throughout the experimental part of our inquiry, was devised by one of us, 
and is described in Appendix III. By this method the analysis can be done on the 
spot within less than five minutes, if the apparatus, which is easily carried about, is 
brought to the room requiring examination ; or the sample required can be collected 
in a very small bottle, such as can be carried without i inconvenience, and the analysis 
made at leisure. _ 

In order to obtain a general idea as to the means of ventilation commonly adopted, 
and the proportions of carbonic acid actually present in the air under ordinary condi- 
tions of work, we have without previous notice visited a large number of factories and 
workshops and made analyses of the air—in many cases on the spot. The results will 
be found in Appendix J. 

Standards have been laid down by various authorities as to the proportion of 
carbonic acid which ought not to be exceeded in the air of rooms. These standards 
are based partly on the unpleasant effects of air containing more than a certain propor- 
tion of carbonic acid due to respiration or artificial lights, and partly on what has been 
found to be a practically attainable standard of purity. The limit originally proposed 
by Pettenkofer (1) was 10 volumes of carbonic acid per 10,000 volumes of air or 6 
volumes in excess of the proportion commonly found in the air of towns. De Chau- 
mont (2) as the result of observations on the air of barracks, proposed as low a limit 
as 6 volumes per 10,000. On the other hand, Carnelley, Haldane, and Anderson, (3) 
concluded in 1887 that for the very crowded elementary schools of this country a 
lower limit than 13 volumes could not for practical. and financial reasons be fixed, 
although with the present improved facilities for mechanical ventilation a much lower 
practical limit could doubtless now be assigned. From our own observations we 
have come to the conclusion that it is reasonable te expect. that under ordinary 
circumstances 10 volumes should not be exceeded in factories or workshops unless 
gas 1s burning. 

The only mstance in which a standard of purity has been fixed by law in this 
country is in the case of the artificially humidified air of cotton-cloth weaving sheds. 
The maximum limit of carbonic acid allowed at any part of the factory is 9 volumes 
per 10,000. This regulation, which is only enforced during daylight, has resulted in 
great benefit, but is in our opinion somewhat stringent, except with a view to cases 
in which much gas is burnt during morning or evening hours in winter. 

We are of opinion that it would materially assist towards efficiency in the venti- 
lation of factories and workshops generally if a maximum limit of carbonic acid allow- 
able in the air during both daylight and gaslight were fixed in virtue of the power 

conferred on the Secretary of State by the Factory Act of 1901. We have found that 
as a general rule employers, and particularly the larger ones, are willing and anxious 
to do all that is within their power to secure efficient ventilation of their factories and 
workshops, and that frequently the result of their efforts is admirable. Where failure 
occurs this often depends on thoughtless objections on the part of a small minority of 
the employees. We believe that the laying down of a legal standard would lead to 
such objections being overcome, and to much more attention being given to the proper 
utilisation of existing means of ventilation. . We also believe that it would have a 
good effect in preventing much wasteful expenditure on inefficient ventilators, &c., as 
it would supply a ready test ofefficiency. While it would act as a means of putting 
pressure on backward or negligent employers it would serve to protect from unjust 
criticisms those who have done what can reasonably be expected. 

We also think that the legal limit ought not to be fixed as low as the ordinary 
working limit. It may easily occur (particularly where ordinary methods of venti- 
lation without the use of fans are employed, as is generally the case) that the air of a 
room which is usually fairly well ventilated, has in consequence of exceptional 
conditions become temporarily, or in particular parts, somewhat foul. A margin 

ought therefore to be allowed in order to meet such cases; alsc to cover any 
incertainties due to slight variations in the proportion of carbonic acid in the outside 
He or to unavoidable errors of analysis. 

In sedentary occupations the objection on the part of employees to. proper 
ventilation depends sometimes on the absence of proper warming arrangements during 
cold weather. This often leads to further vitiation of the air through the. lighting of 
oas-burners for sea Aur pases during the day—a wasteful and obj ectionable plan. 











1) Ueber den Thaftwochael in Wohngebé bon, 1858, p. 78 
) Proceedings of the Royal Socicty. No. 168, 18 4 3; No. 171, 1876. 
(3) Philosophical Transaction of the Royal Society, 1887, B. p.102. 
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The establishment of a legal maximum limit of carbonic acid would probably conduce 
to the provision and use of proper heating appliances in such cases. We are of 
opinion that heating arrangements capable of maintaining in case of necessity a 
temperature at least 25° F. above that of the outside air, in the absence of lights and 
employees but along with adequate ventilation, should be provided in all factories and 
workshops where the occupation is sedentary or involves little muscular exertion, and 
should be regularly used in the colder weather. In such occupations the temperature 
should not be less than about 60° F., particularly where the work involves delicate 
manipulations with the hands. 


RECOMMENDATIONS. 


After very careful consideration we desire to make the following recom: 
mendations :— 


1. That in exercise of the powers conferred on the Secretary of State, by 
section 7 of the Factory Act of 1901, such a standard of ventilation should be 
prescribed for all classes of factories and workshops not otherwise specially 
dealt with, that the proportion of carbonic acid in the air at about the 
breathing level, and away from the immediate influence of any special source 
of contamination, such as a person or light, shall not (except on very foggy 
days, when no tests should be made, on account of the vitiated state of the 
outside air) rise during daylight, or after dark when only electric light is used, 
beyond 12 volumes of carbonic acid per 10,000 of air, and that when gas or oil 
is used for lighting the proportion shall not exceed 20 volumes after dark or 
before the first hour after daylight; the only exception to this rule to be in 
cases where the extra carbonic acid is produced in other ways than by 
respiration or combustion, as in breweries, &c. 


2. That in the case of cotton-cloth factories with artificially humidified air 
the occupier should have the option of coming under the regulation just 
mentioned, instead of remaining under the existing regulation. 


3. That Inspectors of Factories should inform employers of the results of 
any Official analyses of the air in their factories or workshops, should give 
notice that the ventilation is deficient to any employer in whose factory 
or workshop the above proportions have been found to be exceeded, and at 
the same time supply, so far as practicable, information as to the nature of 
any defect noticed; and that legal proceedings should not be taken against 
an employer unless, after a reasonable interval following such notice, the 
stated proportion is found, on an average of two or more samples taken in 
different parts of the room, to be again exceeded by one volume or more, and 
he is unable to show that he has taken measures reasonably calculated to 
secure the requisite ventilation. 


4. That arrangements be made by the Factory Department of the Home 
Office for the analysis by a specially qualified person or persons of samples of 
air collected by Inspectors (see Appendix III), and that any analysis on which 
a prosecution immediately depends shall have been performed by such qualified 
person or persons. 7 


5. That arrangements be made for Inspectors of Factories to have the use, 
when desired, of a properly tested portable apparatus for estimating on the 
spot the proportion of carbonic acid in air. 


fei’ In Appendix II we have endeavoured to give a general account of the 
conditions on which efficient ventilation depends. We trust that this information 
may prove of service both to the Factory Department and to Employers. 
We have the honour to be, Sir, 
Your obedient Servants, 
JOHN SCOTT HALDANE. 


Ya EDWARD H. OSBORN. 
CHaries R. Penpock, Secretary. 
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INTRODUCTION. 


The present Appendix contains a series of Tables giving the results of the examination by the Committee 
of the general ventilation of factories and workshops visited by them in the course of their inquiries. 
To facilitate reference the Tables are classified according to the nature of the work. The carbonic acid 
determinations were made by the method described in Appendix III., partly on the spot and partly from 
samples collected in bottles. 

The determinations of bacteria, which were only made in a few cases, were by a slightly modified form 
of Frankland’s method (Philosophical Transactions, 1887, B.) The air was drawn through a sterilised plug 
of glass wool by means of a brass syringe of known capacity, the number of strokes of which served asa 
measure of the volume of air taken. The glass tubes containing the glass wool plugs were each enclosed in a 
separate outside sterilised glass tube, with an asbestos plug. On this outside tube the label was placed. In 
taking the sample of air the inside tube was attached directly to the pump by means of a short piece of.stout 
rubber tubing. The plug was afterwards transferred, with the necessary precautions, to a shallow flat- 
bottomed flask, containing a small quantity of liquefied nutrient jelly, which was shaken so as to disintegrate 
and spread the glass wool. The jelly having been allowed to set, the flask was kept at a temperature of 
20 degrees C. till no further colonies of bacteria or moulds developed. The number of colonies which grew 
indicated the number of bacteria in the air taken. 

In cases where two temperatures are given these refer to readings of the dry and wet bulb thermometers. 

For nearly all the analyses of air in file-cutting workshops we are indebted to Dr. Robertson, Medical Officer 
of Health for Sheffield, who very kindly placed at the disposal of the Committee a number of unpublished 
data obtained by himself. His analyses will be found in Table L. 
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Cuart |. Anatyses or Ain From Some Larae Cotton Spinnine Rooms (TABLE 0). 
ng ee ge 
GrapHic Comparison or Cusic Space ano C02 REsutts. 
cae SV UMPARISON OF GUBIC SPACE AND UU2 RESULT. 


Parricutars of Eacnw Room. 


T 
Posen pag 


AB. 





cd 

1. \Top |Rings 8638 80s|/85760| 40! — 
& Mules 

2 : ” ” 18§ 760} 32 

3 |2"7|Mules .80,688| 8 

4i274 80.000} I/ 


24 


Sa”) 4, | 430s! 337133] 33| 0 


! 


6 \4%| | | 150s | 94.118 | 9/30 
op 
7|3°| » 12031503 327,834 33 | 1/0 





8/39 » 170s 


/14,083)| 12148 


9/37! » | 200s | 91,528 | 9 | 32 


10/2" » | 166s | 308.389 33| 10 


Ae) 5, OsIF03 120542.) 12 


438 





12\ 2": n = |703/703 85,533.| 9 | 30 


13) 197)» 120s, 297 380, 32! 110 


14\/8t} 4, he 120,319,| /2 
| 
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48 





Ga. Same room as N°9ahove| — 


| : 


10a. Same room as N°10 above 


=e 


12a Same room as N°/2 sbove. 
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Comparison of Cusic Space per Person ano C02 rer 10,000 Vo.umes. 


PART }. This Column AB.represents by its length 10.000 Cubic Feet of Air,and the small Blue Strip at its 
root A. shows in Actual Proportion to the Column a reading of 56-6 volumes of Carbonic Acid p 
10.000 of Air(that being the highest reading of COz. observed by the Ventilation Committee) 

In Farts 2&3 the Ce Columns (blue)are magnified 100 times in length to facilitate ers 














Soe OC a /0.000 
PART.2./n this Chart the Cubie Space per oc ntin each room is represented bya Red Column 
with the Statutory 250c.f? marked offin Dark Red, the readings oF CO2.for the Same room 
being shown by Blue Columns bracketed to the Red. The Dayhght Columns{ Light Bluejand Gasligh 
Columns( Dark Bluejare arranged with a White Column between them to represent the applicable 
Standard proposed by the Committee and with whioh they can be directly compared. ae faint Blue 
a ET RR ern 4644 Indicates the C02 in OutsideAir-at or about the time of Test. 
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C02 in Daylight. 
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So end : hg COz in Daylight 
ARTS oh th lis of Analyses made tn Three of the same Rooms in April, 
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APPENDIX ITT. 


GENERAL ACCOUNT OF THE CONDITIONS OF EFFICIENT 
VENTILATION. 


The present Appendix contains an account of the conditions which render general 
ventilation necessary in factories and workshops, and of the means by which general 
ventilation is brought about. 


CoMPOSITION OF ATMOSPHERIC AIR IN THE COUNTRY AND IN Towns. 


Pure atmospheric air free from aqueous vapour has the following composition by 
volume :— | | 





Oxygen -" ‘- - . - - : : . - 20°94 
Nitrogen - - : - - : : : . - 78:09 
~ Argon - - a ie - a8 to ahi - 0:94 
Carbonic Acid — - oh; Same 4 2 Res. 2G - 0:03 
Helium, Krypton, Neon, Xenon, and Hydrogen - Traces. 
100:00 





So far as known this composition is not sensibly departed from at any part of the 
earth’s surface, apart from the purely local influence of combustion, ete. 


In connection with questions of ventilation a special interest. attaches to the 
exact proportion of carbonic acid (CO,) in pure air, The older determinations by 
Pettenkofer’s method gave results which varied considerably according to the 
particular manipulations employed by different observers, and were usually too high 
by about 0°5 volumes per 10,000 of air, though occasionally also a good deal too low. 
Recent determinations by more exact methods show that apart from the influence 
of vegetation, &c., pure air when dry contains almost exactly 3:0 volumes per 10,000. 
In summer weather the proportion may rise to about 3°5 volumes by night, or fall 
to 2°6 volumes by day, in the lower strata of the air, in consequence of the influence 
of vegetation. a | 


The following table shows the average results of a series of exact determinations 
of carbonic acid in country air in Scotland*. 











Vols. of COzg per 10,000. 




















No. ofanalysés| Maximum. Minimum. Average. 
| Day 3:11 2°58 2°88 ) 
April 1—September 30. 2°98 
Night 3°55 2°82 3:08 
: Day 3°12 2°93 2°99 
December—January 3:00 
Night 3-06 2-94 3-01 











Almost exactly the same average results were previously obtained in France by 
Reiset, who absorbed the carbonic acid with baryta water, and used 525 litres of air 
for each determination (Annales de Chimie et de Physique, Vol. 26, 1882, p.198). 
The mean of 220 experiments made in 1872-1880 gave 2°96 volumes. 


In towns the atmosphere is slightly altered in composition through the great 
combustion of fuel. In clear weather or in summer, the alteration on the figures just 
given is very slight. In fogs, however, there is a very definite rise in the percentage of 
carbonic acid, accompanied, doubtless, by a slightly greater fall in the oxygen 


* These analyses, which have not hitherto been published, were made by J S. Haldane and E.S. Haldane 
in 1889-90 by the gravimetric method of Haldane and Pembrey (Philosophical Magazine 1890, p.306.) ; 
76-7 litres of air were aspirated for each experiment. The results are corrected for temperature, barometric 

ressure and aqueous vapour. The samples were taken at 4 feet from the ground on the northern slope of 
the Ochill hills, near Auchterarder, Perthshire. 
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Appendix II.—continued. 


percentage. In a sample of London air collected at St. Bartholmew’s Hospital Dr. 
Russell* on one occasion found as much as 14 volumes per 11,000 of carbonic acid in 
the outside air during a very dense and prolonged fog. Where the proportion of 
carbonic acid is used as a test of sufficient ventilation of rooms it is evidently of 
practical importance to know the extent to which the proportion of carbonic acid in 
the air of towns is liable to rise. The following table shows the average results of Dr. 
Russell’s analyses by Pettenkofer’s method of outside air in the centre of London (at 
St. Bartholomew’s Hospital) during the years 1882, 1883, 1884. 








Vols. of CO, per 10,000. 




















No. of analyses} Maximum, Minimum. Average. 

April—September 92 48 3°0 3°81 
4:01 

October—March 40 64 3°2 4:29 








These averages are exclusive of results obtained during fogs. They show that 
the average proportion of carbonic acid is about 04 volumes higher in winter than in 
summer, and at all seasons higher than in country air. As, however, the analyses 
were made by Pettenkofer’s method it is probable that the averages are about 0°5 
volumes too high, so that\3:3 and 3-7 are more probable averages. 

The following table shows the results obtained at St. Bartholomew’s Hospital by 
Dr. Russell during fogs. ; 



































Temperature. yaa Direct Vols, of CO. i 
PT meter | Direction | Vols, o in 
Date. Weather. Wet | Dry | in mm. | of Wind. | 10,000 of oy 
. Bulb. | Bulb. 
1882, 

Jan. 17 Dense black fog- - - - = = | 10°0 786 S. 6°7 
Mp ie Dense black fog - - : -| —. | 4:0 786 8. 5.7 
mee, Slight white fog) - 4) sy = | — 1° 60 768 S. 4°8 
BR Ae: Dense black fog - . - -| — Bhs 780 S. 10°5 

Feb. 3 Slight fog - - - - -| 30] 4:4 781 8. 6°9 
oe Dense black fog - - - - =o aac. aes a 8) 785 S. 10°7 

March 15 Slight white fog - 7 ef OO 7 ti 775 N.E. 56 

Oct. 26 White fognsmiothe © cecrarxati lane tO°8 th Ga 750 W. 9-9 

Nov. 18 Dense black fog ks : Sal 22, bs aed 760 S.E. 9°6 

Dec. 1 Thick white fog . - - vid i na ee 765 8. 5:5 

se Slight mist - : - - We ee 766 S.E. 51 
, 10. | Thick white fog- - - - 21 OOMREYE 755 S.W. 9-4 
a Thick white fog, darker, noon - 2) aa 0:5 755 S.W. 11-0 
i SDL Thick white fog, very dark, 5pm. -| — 0'5 755 S.W. 14:1 
» 14 White fog, slight —- : - -| 44) 4:4 755 S.E. 6°2 
» orb White fog, slight = - - - OL BO eg 753 S.E. 5-4 
ay Overhead fog, white- - - -| 33 | 4:4 760 S.E. 4-8 
aay 43) Dense black fog - - - . -| 4:4] 4:7 767 g. 8-1 
1883. 
Jan, 19 Slight fog - Siena SM a a 88 763 5. 5-0 
April 3 Fog, dense- 3 € ¢ . aL 942:2 762 W. 13°3 
» 8 Slight white fog- . - - atin Tindl a 756 S.E. 4-7 

Oct. 10 Slight yellow fog - - - - | 12-2-) .13°8 760 N.W. 4:5 
ae § Dense black fog - - - - I ily Me a We 758 S.E. 76 

Nov. 15 Slight yellow fog - - . chp a OFT 761 W. 6'6 

1884. 

Jan. 16 Slight yellow fog - - - < Ga 776 N.W. 55 
at (2: Slight fog - Seed yer |. OO ere 775 S. Ware 4:5 

Feb. 8 Black fog - - - : SOG MT 747 S.E. 55 

April 27 Overhead fog - - - . - WOT QZaes Bre 754 S.E, 5:3 

dyer Yellowish fog, slight - - - -} 88 | 10-0 753 S.E. 4°8 
9 . 

/ | -29)207°3 

| Mean 7-2 














* St. Bartholomew’s Hospital Reports, Vol. XX. 
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It is evident from these results that days of fog should be avoided in testing the 
ventilation of a building by the carbonic acid method. Eyen if the carbonic acid in 
the outside airis determined at nearly the same as that inside the building, there 
remains some uncertainty, as during a fog the proportion outside may change very 
rapidly. Reiset showed that even in the country the carbonic acid may rise to 3:5 
volumes during fog. 

In almost any large manufacturing town the proportion of carbonic acid will 
probably rise during fog nearly as high as in London, though data on this point are 
still very scanty. 


IMPURITIES IN THE AIR OF FACTORIES AND WorKSHOPS. 


The impurities passing into the air of factories and workshops can best be 
classified according to their source. They arise (1) from persons present ; (2) from 
lights burning ; (3) from the floor, &c., of the room ; (4) from manufacturing processes; 
(5) from accidental sources, such as escapes of gas, eftluvia from drains, or impurities 
in the outside air. | 


1.—I/mpurities from persons present. 


The persons present in a room vitiate the air in several ways. 

In the first place they give off carbonic acid, and at the same time consume 
oxygen in slightly (about a tenth) greater proportion. The amount of carbonic acid 
given off, and of oxygen consumed by a man varies considerably according to the 
amount of work being done. Thus, during great muscular exertion the amount may, 
for the time, be ten times as much as during rest. Theaverage for the 24 hours can 
best be calculated from the average daily consumption of food, which is pretty accu- 
rately known, and corresponds to the production of about 22 cubic feet of carbonic 
acid, or 0°9 cubic foot per hour. During complete rest only about about 0°6 cubic foot 
per hour is given off, however. Hence during the hours of activity about 1:1 cubic feet 
per hour are produced. A woman produces a fifth less than aman. In a factory about 
1 cubic foot per hour may therefore be taken as a probable average quantity per 
person, though a higher estimate would be needed in cases where there is much 
muscular exertion. It follows that, assuming the air of a workroom to be completely 
mixed, and allowing for the carbonic acid present (say 4:0 volumes per 10,000) in the 
air of a town, it would be necessary to supply more than 1,250 cubic feet of air per 
hour to each person in order to produce an atmosphere containing less than the 12 
volumes of carbonic acid per 10,000 proposed in the preceding report. 

Mere increase of carbonic acid and diminution of oxygen to the extent which 
actually occurs in the air of buildings has no direct influence on the comfort or health 
of the persons present. The proportion of carbonic acid, even where ventilation is 
very bad, seldom rises beyond 50 volumes per 10,000 ; and it requires about six times 
as much to produce an immediately perceptible effect (increased depth and frequency 
of breathing). A similar remark applies to the oxygen percentage. Neithera diminu- 
tion nor an increase of 2 or 3 per cent. in the oxygen seems to produce any appreci- 
able effect ona man. The living organism regulates its own consumption of oxygen, 
and in this respect differs entirely from a burning candle or fire, in the case of which 
the rate of consumption of oxygen rises and falls with the oxygen percentage in the 
air. A large fall in the oxygen percentage, or a corresponding diminution in the 
barometic pressure, produces the train of symptoms known to mountaineers as 
“mountain sickness”; but the diminution requires to be a very considerable one. 
Some of the best known health resorts are at altitudes where the diminution of 
pressure corresponds physiologically to a diminution by fully a fifth in the oxygen 
percentage. Further evidence showing that a moderate increase in carbonic acid and 
diminution of oxygen in the air is not in itself prejudicial to health is afforded by the 
fact that, apart from accidents, the life of a coal-miner is exceptionally healthy, 
although he breathes, when at work, air which contains a notable excess of carbonic 
acid and deficiency of oxygen owing to chemical changes in the coal. The import- 
ance of the carbonic acid in the air of a building arises solely from the fact that it is 
an index of conditions which are usually prejudicial to both health and comfort. 
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It was for long believed that along with the carbonic acid in expired air an organic 
substance, which is poisonous when absorbed into the blood, is given off from the lungs. 
Careful experiments have not corroborated this theory.* There is no doubt, however, 
of the unpleasant effects produced in the majority of persons by the air of badly 
ventilated rooms, and of the loss of health and increased liability to certain diseases, © 
particularly consumption, associated with living in such air. There is also strong’ 
evidence of the influence of fresh air in both facilitating the cure and preventing the 
return of consumption and other diseases. | 

The increased liability to disease in persons living in badly ventilated rooms is in 
part attributable to the communication, through the air, of infective diseases ; and it is 
evident that the greater the air supply the less will be the chance of such communica- 
tion occurring if any source of infection is present. Organisms present in the mouth 
and air-passages probably constitute the chief source of infection. During ordinary 
quiet breathing none of these appear to be given off in the breath, — but it has 
recently, been shown that in speaking, and particularly in coughing and sneezing, 
large numbers are driven into the air and carried all over a room. + Animals 
exposed to air contaminated by the coughing of consumptive patients have also been 
shown to become infected with tuberculosis. § Another mode of probable infection is 
from sputum which has been allowed to dry on the floor, so that the infective organ- 
isms are readily carried into the air as dust. 

The loss of appetite, discomfort, headache, etc., produced by bad ventilation, 
cannot, however, have anything to do with infective organisms, which act far too 
slowly ; nor can the absence of such organisms explain the curative effects of fresh 
air on such diseases as consumption. It is evident, therefore, that other factors 
besides the presence of infective organisms must play an important part in connection 
with the ill effects of exposure to vitiated air, though the precise nature of these 
factors is still somewhat obscure. : 

The heat of an over-crowded room evidently aggravates the unpleasant effects, 
but they may still be produced, though not so readily, when excessive heat is absent ; 
and warm air by itself, particularly if it is in motion, does not produce the same 
effects. It-is probable that the mere smell of the air of a badly ventilated room - 
is one cause of the effects in question. This oppressive smell is usually very 
distinctly. perceptible when the proportion of carbonic acid exceeds about 10 
volumes per 10,000, or 6 to 7 volumes above that in outside air, and according 
to De Chaumont becomes imperceptible at about 2 volumes above outside air.4 
It appears to arise partly from the breath, but largely from the clothes and persons of 
those present in the room, and is caused by volatile substances present in the air in 
such minute amount that, though easily perceptible to our senses, they cannot be 
detected by chemical analysis. The importance of personal cleanliness, with a view to 
minimising the vitiation of air, is thus evident. 

Expired air rises at first, since it is warmed. Whenit cools and mixes with pure 
air, the mixture has about the same specific gravity as pure air. The carbonic acid 
which replaces part of its oxygen tends to make it heavier, but this influence is 
neutralised by the increased proportion of aqueous vapour, the latter being lighter 
than air. Undiluted expired air contains, as compared with ordinary air, an excess 
of about 3°5 per cent. of carbonic acid and 5 per cent. of aqueous vapour, with a de- 
ficiency of about 4 per cent. of oxygen. The impurities arising from the persons 
present in a room pass upwards at first, but soon become pretty evenly distributed in 
the air at different levels owing to the influence of convection currents caused by the 








* Haldane and Lorrain Smith, Journal of Pathology and Bacteriology, Vol. 1, pp. 168,318 ; also Billings 
Weir Mitchell and Bergey, “ The Composition of Expired Air, and its Effects upon Animal Life,” Washing- 
ton, 1895. 

+ Gunning, Centralbl. f.d. med. Wissenschaften, 1882 ; Carnelley, Haldane, and Anderson, Philos, Trans, 
1887, B. p. 92. 

t Fligee and Laschtschenko, Zeitschr. fiir Hygiene, Vol. 30, p. 126, 1899. 

§ Fliigge and Heymann, Zeitschr. fiir Hygiene, Vol. 30, p. 139, 1899. 

q{ De Chaumont, Proe. Royal Society, Vol. 23, p. 187. _De Chaumont’s conclusions were based on an ex-. 
amination of the air of barracks. In rooms where the standard of personal cleanliness among the inmates is 
higher, the excess may in our experience considerably exceed two volumes without any unpleasant smell being 
perceptible. In factories and workshops the smell. of the materials used may mask to a considerable extent 
the smell due to the persons present, so that 1t becomes difficult to judge of the purity of the air by the smell 
alone. : 
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warmth of the body. This fact is illustrated by the following experiment on a room 
of 3,070 cubic feet capacity, and 11 feet high. Three women and one man were 
present in the room. The day was bright and sunny and there was no wind: the 
house was in the country; all openings were closed. 
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2.—Impurities from Lights. 


An ordinary gas-jet, such as is commonly met with at present in English factories 


and workshops, consumes from 5 to 10 cubic feet of gas per hour ; and this amount of 
average English gas produces in burning about 2} to 5 feet of carbonic acid, along 
with 5 to 10 feet of aqueous vapour, and consumes about 5 to 10 feet of oxygen. 
The mean of two analyses by one of us of ordinary 16 to 17 candle power gas, gave 


the following results per volume of gas burnt :— 


as heavier than pure air. 
carbonic acid as three men, and as much leat as five men. 


Carbonic acid formed - : 
Aqueous vapour formed ~ - 
Oxygen consumed — - - . 

As the aqueous vapour does not under ordinary conditions condense, the products of 
combustion are (apart from heating) lighter than ordinary air, for, although the 
carbonic acid is about 37 per cent. heavier than the oxygen which it replaces, the 
aqueous vapour is about 42 per cent. lighter, and present in much greater quantity. 
The mistake is often made of regarding air vitiated by the products of combustion 


- 0°54 volumes. 
<i Ie Kapri 
Ect The a) 


Roughly speaking, an ordinary gas jet produces as much 


The combustion is quite 


perfect, and no carbonic oxide is given off, unless from any cause the flame is smoky, or 
is rapidly cooled by something in contact with it. 


Were there no other products of combustion but carbonic acid and moisture, the 


changes produced in the air of rooms by the burning of gas would be of little practical 


importance apart from the rise of temperature. 


Lighting gas, however, contains not 


merely carbon and hydrogen, but also a little sulphur, chiefly in the form of carbon 


disulphide. ulph Ww! 
the characteristic unpleasantness of air which is much vitiated by gas. 


This sulphur is burnt chiefly to sulphuric acid, which is the cause of 


The 


quantity of sulphur present in gas varies considerably in different towns, according 


as the gas is or is not thoroughly purified. 


In London, where the purification is 


good, and there is a legal limit to the amount of sulphur permitted in the gas, about 
12 grains of sulphur per 100 cubic feet of gas are usually present ; but in some of 
even the larger English towns, the amount of sulphur present may be much higher, 
so that the air becomes correspondingly more unpleasant when vitiated by burning 
Air vitiated by gas-jets to the extent.of 20 volumes of carbonic acid per 10,000 


gas. 


begins to feel distinctly oppressive even with well-purified gas. 


In air vitiated to the 


extent of even as much as 75 volumes of carbonic acid by a good and clean paraffin 


lamp. we could observe no similar effect. 

The relative increase of air-vitiation in any given workroom after the gas is lit 
will evidently vary with the proportion of gas-jets to persons present. 
tion differs very greatly in different workrooms. 


This propor- 
Where there is much machinery or 


floor-space to each worker, the number of gas-jets may greatly exceed the number 


of workers. 


Thus in spinning-rooms (Appendix I., Table O) there are often three 


or four jets to each person ; consequently the production of carbonic acia after gas is 


lit may rise to ten or twelve times what it was during daylight. 


On the other hand 


in the more crowded rooms where sewing, etc., are carried on there may be only 
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about one jet to, two or three persons (Tables A to D) so that. the Pree ngiige of 
carbonic acid is only about doubled after gas is lit. 

In view of these facts the effects. of. burning gas on the state of the.air in any 
room ought always to be considered .in connection with the means of. ventilation. 
When the heated air from gas-jets has prompt means of escape above, the actual 
vitiation. of airat, the breathing level may not be much increased. But when the 
air at all levels is allowed to mix before escaping, or is kept in mixture by belts from 

- shafting in the roof or other causes, the effect of burning gas’on the purity of the air 
is often very great. This is shown very distinctly in the ‘analyses a air from weay- 
ing sheds (Appendix L., Table N, and particularly Table P.)’- : 

A. good ,deal may often be done towards. diminishing the vitiation. of the air Bee 
avoiding wasteful methods of consuming gas. . The following table shows the results 
of a series of experiments by one of us-on the light obtained for a given’ consumption 
of gas with various forms ofordinary burner incommon use. The experiments were 
made with London gas, averaging at the time about 16-5 candle power, 7.¢, giving a 
light, of 16°5 standard candles when burnt at a rate of 5 cubic feet per hour: through — 
the standard “London Argand” burner. The standard light used in the experiments 

_iwas.the_official.10-candle pentane lamp of the. Metropolitan Gas Referees. The 
results with mantles are from a report published by the German Association of Gas 
and Water Engineers. (“Journal of Gas Lighting,” April 16, 1901.) 











Pressure in | Consumption | Light in’ 
! Od inches of ‘of gas in ; - |. eandles per 
Description of Burner. water between. cubic ft. per Te nat cubic ft. of 
tap and burner. | hour. "| gas burned. 
Standard “London Argand.”° — 4°86 16-0 3:29 
“Union” or “ Fishtail” Leads) 12°6 22°6 1:79 
ING. a0. 14 112 24:0 2°14 
0°8 8-2 2307 2:87 
Or4 56 175 3°12 
0-2 (#*) 3-15 9-1 2-89 
“Union” No 6. 1°8 (*) 10°0 12°8 1-28 
1:2 8:1 15:7 1:94 
0:8 6°25 14°3 2°29 
0-4 4°15 10:0 2°41 
* Union” No. 4. 2:0 9°4 61 0°65 
is 8:3 8-9 1:07 
hy 6:7 9:4 1:40 
0°8 5'1 84 1°65 
0-4 3°6 6'8 1:89 
“Tnion” No. 2. 1:8 5'D 3°45 0°63 
1-2 4:5 3°45 0°77 
0°8 3°8 3°5 0°92 
0-4 2-4 2°8 1:17 
0:2 (**) 1°45 1:9 1°34 
“Union” No. 0. 1:9 4°5 1°6 0°36 
12 35 1:7 0°49 
0:8 27 1:6 0°59 
0-4 1:55 1°3 0°84 
OP Gad 0-97 0-88 0°91 
“‘Batswing economiser ” 1:0 4:5 14:7 3°27 
No. 7, placed on 1:2 3°5 11:0 2°97 
Union No. 0. Oa") 0°97 21 2°16 
“Union economiser ” No. 6, placed 2°3 5-9 13°9 2°36 
on Union No. 2. 1°8 5°25 12°4 2°36 


*Flaring. **Small flame. 


VENTILATION COMMITTEE. 99 





Appendix II.—continued. 





| 





























Pressure in | Consumption Light in 
ape inches of | — of: gas in Light in candles per 
Description of Burner. water between | cubic ft. per candles. cubic ft. of 
tap and burner. hour. gas burned. 
Common iron batswing, 0°6 (*) 16:0 37°3 2°33 
no number (Irregular flame). 0-4 . 13:0 37°7 2°90 
0°3 10:0 34:2 3°26 
0:2 / 76 25:3 3°33 
0-15 / 55 178 3°24 
Batswing No. 7. 1% 12:0 26:2 2°18 
0:7 9°5 22°9 2°41 
0-4 | 6°1 18:2 2°98 
| 
Cone-top burner, 1:8 | 6°8 21°6 3:18 
no number, 1:2 4:55 14°5 3°19 
0°5 (**) 1:8 4°55 2°53 
Cone-top governor 2:0 4°95 16°05 3°24 
burner. 1:0 4°8 15°65 3°26 
*Flaring. Pin **Small flame. 
Pressure in | Consump- Piare 
inches of tion of gas Behe pet ‘io 
water between} in cubic z ses Ahee voubi a ee 
tap and feet per ek ve F: ‘ ie 
burner. hour. SSF oD UR DS 
Average of incandescent mantles. 
After 1 hour’s use. — 4°25 139 17-4 
el: ea iki 4-25 70°3 16°5 
me LUOU 55 2 — 4:25 62°2 14°6 
Fe OOO? os — 4°25 56:4 13:3 
»» 606 — 4°25 53°8 12:7 


It will be seen from this table how greatly the amount of light obtained per 
cubic foot of gas burnt varies according to the method of consumption. The light 
is 48 times as great with the best as with the worst method. With ordinary 
burners the best result is’ evidently obtained from those with the larger 
sizes of opening, and with the gas issuing gently. Thus, to take an extreme 
instance, the light from a No. 0 burner at full pressure was increased nine times whena 
No. 7 burner (so-called ‘‘economiser”) was slipped over it. When, as is very com- 
monly the case in factories, the gas is allowed to issue at the full available pressure, 
it burns very wastefully, and in spite of the greatly increased consumption the light 
obtained is often less, while the light per cubic foot of gas burnt is very greatly less. 
The best result with a given burner is obtained when the gas isallowed to issue as 
gently as is consistent with a sufficiently steady flame. This can be insured by placing 
a pressure-governor on the main supply, or using governed burners, provided the 
pressure in the mains is sufficient. 

The table shows clearly the great economy in gas consumption when mantles are 
used. Their much more general employment in factories and workshops is very 
desirable with a view to avoiding excessive vitiation of the air, and at the same time 
obtaining a good and perfectly steady light. 143) 

By the use of the incandescent electric light all the inconvenience due to air vitia- 
tion and heat from gas-jets can be avoided, though the extra expense as compared 
with incandescent gaslight is considerable. The arc electric light, so shaded that only 
reflected light falls on the employees. and machines, is in some cases very 
advantageous. 

The most wasteful methods of burning gas are still very commonly used in factories 
and workshops, in spite of the greater expense and increased vitiation of air. Much 
improvement could certainly be effected by increased attention on the part of employ- 
ers to improved methods of lighting. The most suitable methods will vary according 
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to a number of circumstances, and skilled advice on the subject should be obtained 
when necessary. | 

The heated air containing the products of combustion of a gas-jet passes straight 
up to the roof.in.a concentrated stream. It there parts with most of its heat, and 
unless it is permitted to escape is slowly displaced downwards again, to be again 
partially carried up by the flame. As, however, gas-jets are usually placed at six feet 
or more from the floor this circulation of hot and vitiated air is to a large extent above 
the breathing level, so that the air actually breathed is not so much vitiated as would 
otherwise be the case. The following analyses of the air in a room of 5,700 cubic feet 
and 114 feet high illustrate this point. All openings were closed, and only one per- 
son was present. Three No. 4 Union burners were lit, passing in all about 15 cubic 
feet of gas per hour. The gas-jets were at a height of 64 feet from the floor, on the 
walls at opposite sides ofthe room. The samples were taken at the centre of the room. 
The temperature outside was about 9 deg. C. 











Volumes of CO, per 10,000. Temperature C. 
ata tes at 4 ft. at 1 ft. at 4 ft. at 1H: 
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In calculating the probable effect of combustion of gas on the purity of the air 
of a room it is evidently necessary to consider to what extent the arrangements for 
ventilation permit the heated air from gas-jets to escape without vitiating the air at 
the breathing level. In high rooms the air at the breathing level will be less vitiated 
than in low rooms. In rooms such as weaving-sheds, where the driving belts for 
machinery are constantly mixing the air at different levels, or where the incoming air 
is introduced at a high level, there will naturally be more complete mixture than in 
other rooms, so that more fresh air will be needed to keep the air at the breathing 
level reasonably pure. In the weaving shed, Table P, Appendix I. with 24 gas-jets 
per person, the excess of carbonic acid rose from 3 to 12 when the gas was lit. 

When two or more floors are in free communication by stairs, lifts, or other 
communications, the effects on the upper rooms of gas burning in the rooms below 
must also be taken into consideration, as the vitiated air will all pass upwards, as is 
shown by a number of the analysesin Appendix I. When the building is warmer 
than the outside air the vitiated air will ascend, whether it be produced by gas or 
by respiration. Thus in Nos. 7 to 10, Table I (Printing), the air in the top floor 
contained an excess of 21 volumes of carbonic acid, but in the basement of only 6°6 
volumes, while the air entering the top floor by the shaft of the lift contained 13 
volumes in excess. Hardly any gas was burning. Jn Nos. 15 and 16 of the same 
table the excess in the air entering by the stairs was 10°3 volumes, and in the room 
itself 15°3 volumes. In Nos. 17 to 19 the excess in the first door was 3°3; in the 
second floor 5°8; and in, an empty upper floor, with no persons or gas-jets, 7°5. In 
Nos. 1 to 3, Table K, the excess was 12 in the room itself, and 9:3 in the air coming 
up through a grid below. Other similar instances will be noticed in Table A and 
elsewhere ; and it will also be seen that in basement rooms the air was usually found 
to be relatively pure. Frequently the basement and ground floor rooms act as intakes 
for the whole building. 
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3.—Ordinary Dust from Floors, ete. 


The air of all factories and workshops, whether or not the process is a dusty 
one, is necessarily contaminated to some extent with light dust from the floors, ete., 
the amount depending on the cleanliness of the room. This dust originates partly 
from the clothes and persons of those who are or have been present in the room 
and is thus liable to contain infective micro-organisms. Some idea of the manner 
in which such organic dust accumulates in a room may be formed from determinations 
of the number of bacteria of all kinds present in the air, and tie following average 
results may be quoted here in illustration.*. The outside air (winter) contained an 
average of 0°8 micro-organisms per litre. 








Micro-organisms Micro-organisms 

per litre of air. ’ per litre of air. 

Elementary schools in(Cleaner — - : = OE . ___ (Cleaner 08 he - 18 
Dundee with natural; Average - - - 125 oahita jaieiad dwellings | ore, - : - 45 
ventilation - - | Dirtier - - - 198 Dirtier - . - 93 


Cleaner E 3 - 10 
"> Average - - - 22 
Dirtier - 2 F - 69 


Elementary schools in {Opened over 20 years - 311 
Dundee with natural, Opened 2 to 20 years - 150 
ventilation - -|Openedless than 2 years 38 


Two-roomed dwellings | 
in Dundee - 


6 


A number of determinations of bacteria in work-rooms were made by the 
Committee (see Appendix I). It soon, however, became evident that the results were 
so much influenced by the nature of the dust peculiar to the work that they were of 
limited value. Very little significance can be attached to the presence of even large 
numbers of bacteria in the air if these bacteria are derived from material which is not 
likely to contain germs of disease. Thus the largest number of bacteria found (805 
per litre) in the samples of air examined was in a rope factory, and there seemed no 
reason to suspect that these bacteria, which evidently came from the hemp, contained 
among them any that were not perfectly harmless. On the whole, the 39 analyses 
made (chiefly among printers’, book-binders’, tailors’, and milliners’ workrooms) 
indicated a satisfactory standard of cleanliness in most of the rooms examined. The 
average number found (excluding the rope factory results) was 8-0 bacteria and 2-2 
moulds, or 10°2 micro-organisms per litre of air. This may be compared with the 
averages of 152.for elementary schools in Dundee, 76 for country board schools in 
Scotland, 60 for one-roomed dwellings, 46 for two-roomed dwellings, 9 for the better 
classes of dwellings, and 0°8 for outside air in Dundee in wintert. 

The figures given above show the close connection which exists between general 
cleanliness of a room and the purity of the air. Of particular importance in this 
reference is the prevention of expectoration on the floors, on account specially of the 
readiness with which infected persons may probably communicate phthisis by this 
means. Many employers have already taken special measures to prevent expectora- 
tion on the floors of their workshops; and it is to be hoped that this example will 
soon be universally followed. 


¢ 4.—Dust and Fumes from Manufecturing Processes. 


As we hope to refer to dust and fumes in a further report, only a few remarks on 
the subject are needed here. Wherever possible, dust, fumes, and evil-smelling 
vapours should be dealt with at their point of origin, and never allowed to mix with 
the general atruosphere of a room. Where this is not done the only remedy is to in- 
crease the general ventilation to such an extent as to sufficiently dilute the impurities. 
The result of such a course is, however, apt to be very unsatisfactory, as sufficient 
ventilation often cannot be obtained without exposing the workers to an intolerable 
amount of cold and draught, or incurring great expense in warming the incoming air. 
Moreover the increased ventilation often carries through a room a great deal of dust 
which would otherwise subside in the immediate neighbourhood of the machine which 
produces it. 





* Carnelley, Haldane, and Anderson, Philos Transact., 1887, B., p. 61. = 
+ Carnelley, Haldane, and Anderson, Philos. Transactions, 1887, B., p. 79; alse Carnelley and Feggie, 
Journal of Pathology and Bacteriology, Vol II., p. 157. 
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5.—Accidental Impurities. 


The air of a workroom may be contaminated from sources outside the room, as 
from leaky drains, or badly kept urinals or water closets. The smells thus arising may, 
like other unpleasant smells, affect the general health of those exposed to them, 
although it is not at all probable that specific diseases are communicated by so-called 
“sewer gas.”* A badly designed, badly lit, or badly kept urinal or water closet may 
easily be the means of communicating infective diseases, particularly as it is now 
known that the excreta of persons who have recovered from infectious diseases, or 
merely been in contact with others suffering from them, may be infective. It is 
evident that impurities communicated to the air of workrooms from the above- 
mentioned sources can best be dealt with at their origin. 

Another accidental impurity which is occasionally of importance is ordinary lighting 
gas, or gas used for driving engines. Ordinary lighting gas contains about 7 per cent. 
of carbonic oxide. Carburetted water-gas, which is often mixed with the ordinary 
gas, contains about 30 per cent. of carbonic oxide, Dowson and producer gas also contain 
about 30 per cent., while pure water-gas contains nearly 50 percent. As anything 
more than about ‘03 percent. of carbonic oxide will produce headache etc., after 
several hours’ exposure, and as little as ‘2 per cent. carbonic oxide is dangerous to life, 
it is evident that, even apart from the risks of explosion or fire, escapes of gas should 
not be permitted in factories and workshops. Very special care is needed with pure. 
water-gas, producer-gas, Dowson gas, ete., as they have onlya slight smell. It 
occasionally happens also that coal-gas, when it escapes from a broken pipe under- 
ground, is to a,large extent deodorised in passing through the ground, so that the 
smell is only slight when it is present in dangerous amount. Carbonic oxide is also 
produced in large quantities in place of carbonic acid whenever the combustion of gas 
is imperfect, as when a non-luminous flame used for heating purposes is allowed to — 
“strike back.” When this is the case the products of combustion have a peculiar 
unpleasant smell which can at once be recognised. Some forms of the gas-heated 
irons used in tailoring workshops, etc., are very liable to this defect, so that they require 
careful supervision. 

When an accidental escape of lighting gas occurs above the breathing level it may 
happen that the gas passes up so completely towards the roof that the escape is not 
noticed at first, and if from any cause the upper stratum of air becomes afterwards 
mixed with the stratum at the breathing level the effects on persons present may be 
serious. Accidents of this kind have occasionally been observed in weaving sheds. 
The gas has been turned off at the meter on stopping work for breakfast, but through 
some mistake the tap has been turned too far, so that gas is left escaping all over the 
shed. Onstarting the machinery again after breakfast the action of the driving belts 
has mixed the upper with the lower strata of air, the result being that in a short time 
many of the operatives have experienced symptoms of poisoning. 

An accidental impurity which often causes serious inconvenience in manufactur- 
ing processes, and indirectly leads to the air supply being restricted to an undesirable 
extent, is soot and dust from the outside. Where the outside air contains much soot 
and dust, a room, particularly if well ventilated, is apt to serve to some extent as a 
settling chamber for the particles carried in by the relatively rapid currents of incom- 
ing air. With workin white materials particularly, much trouble may be thus caused. 
In such cases it is desirable to filter the incoming air, which ought, as a rule, to be 
forced in by a fan, the arrangements being such that all openings except. the air-inlet 
act as outlets. The filtration may be effected by means of an open-meshed cloth 
placed diagonally along an inlet shaft so as to cause a minimum of obstruction, and 
occasionally removed for cleaning when it becomes choked ; or a continuously acting 
water screen may be employed. Either of these arrangements will remove the grosser 
soot and dust particles, but not the finer ones. To remove the finer particles the air 
must be filtered through some such materials as cotton wool or slag wool. Under- 
neath the House of Commons a cotton wool filter is employed to filter off the fine 
smoke particles which abound in the air of London on days of fog. This filter is placed 
in the inlet air-passagé, and so arranged as to present a very large filtering surface 


* Sewer air is nearly free from bacteria, and those bacteria which are present come almost entirely from 
the outside, through ventilators, etc. (Carnelley and Haldane, Proc. Royal Society, Vol. 42, p. 501, 1887; 
an Zeitschr. f. Hygiene, vol. 3, 1888, p. 127; Laws, Report to the London County Council on Sewer Air, 
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(1,000 square feet). The cotton wool is six inches thick, and is held in position by 
wire netting on a wooden frame. It was found by one of us to pass 1,500,000 cubic 
feet of air per hour, or 1,500 cubic feet per hour per square) foot of surface, with a 
difference of pressure between the two sides of 4°2 m.m. (0°17 inch) of water, or 1:0 Ib. 
per square foot. The pressure was produced by an ordinary propeller fan working 
at a rather high velocity. Laboratory experiments showed, further, that the flow of 
air through cotton wool, porous earth, and other similar materials varies directly as 
the pressure, and thus follows a quite different law from the flow of air through a 
constricted opening. (See below.) A cotton wool filter is apt to become blocked 
pretty rapidly during fog unless the air is warmed somewhat so as to keep the filter dry. 


INFLUENCE OF IMPURITIES ON THE COMPOSITION OF THE ATR. 


It is evident that if no fresh air at all entered a room containing persons, and 
perhaps also burning lights, the air would very soon become exceedingly foul. The 
air of a perfectly air-tight room containing one person at work to every 250 cubic feet 
of air space would, for instance, at the end of an hour contain about 40 volumes of 
carbonic acid per 10,000 of air, and would smell very unpleasant. At the end of eight 
hours the air would be so foul that candles or lamps would no longer burn on account 
of the diminished oxygen percentage™ : everything would be damp from condensed 
moisture; and more or less noticeable panting would be produced in the persons 
present by the accumulation of carbonic acid. Probably also most of those present 
would suffer from nausea and headache. If there were one ordinary gaslight to every 
three or four persons these effects would be produced in about half the time. Sucha 
state of matters is, however, never observed in ordinary rooms. There are always | 
means of some kind by which the air is constantly being changed, whether or not the 
ventilation is what would be regarded as adequate. On the amount of ventilation 
relatively to the rate at which the air is vitiated by the persons and lights present 
depends in the long run the degree of vitiation of the air. 

Supposing the air of the room to be pure at first, a certain interval will elapse before 
the impurity of the air reaches an amount beyond which it does not further increase. 
The larger the air space per person or per light in the room and the less adequate 
the means of ventilation, the longer will be this interval. Thus let us suppose the 
common case that with no gas lit, the carbonic acid ceases to increase at nine volumes 
per 10,000 (the legal maximum-in Humidified Cotton Cloth Factories) or five 
volumes above what is present tm the outside air of a large town in winter. (Qn the 
assumption that the air is completely mixed and that each person produces about one 
cubic foot of carbonic acid per hour (see above) it follows that 2,000 cubic feet 
of air per person are entering the room. Hence, if there are 250 cubic feet of air 
space per person the air of the room is on an average changed about once in 74 
minutes. With 1,000 cubic feet per person it is changed once in half an hour. In 
the first case the carbonic acid present as impurity will have reachcd nearly (within 
about a seventh from) its maximum after 15 miuutes; in the second case after an 
hour. 

With the common enough provision of one gas-jet burning about 8 cubic feet per 
hour (and producing 4 cubic feet of carbonic acid) for every 1,000 cubic feet of air 
space the carbonic acid would, with the same persons present, the same air-supply and 
complete mixture of the air, finally reach 14 volumes per 10,000 in the first case and 
29 volumes in the second case. 

Tt will thus be seen that unless where the cubic space per person is very large or 
the ventilation very bad, the degree of impurity in the air. will, after a comparatively 
short interval from the time of commencement of work, depend not on the air space 
per person in the room, but on the volume of fresh air introduced per person and per 
cubic foot of gas burnt. 

In the following table we have arranged the observations in Appendix I. so 
as to show the relations between the air space per person and the proportion of 
carbonic acid in the air. Where several analyses have been made of the air in one 
room the average for daylight or gaslight in that room has alone been counted in 
constructing the table, so that the general average may be as fair as possible. 





* A candle is extinguished when the oxygen percentage falls below 17:5. 
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| 
300 400 600 | 1,060 | 1,500 | 2,000 
Cubic feet per person. aes to to | to to to to bie 
saya | 400. 600. | 1,000. | 1,500. | 2,000. | 5,000, | 2000+ 
Average cubic ft. per person- | 233 | 339 496 760 1,227 | 1,689 | 2,906 | 9,404 
Daylight or | 
Volumes of CO,} Hlectriclight | 11:4 10°6 7 10-2 9-2 9-0 71 12°8 
per 10,000 |Gas-light or | 
lamp-light | 20:1 13°6 14:0 | 13:8 17:4 WOO hee 26°3 
: Daylight or ) 
Number of |flectriclight | 36 33 28 27 27 25 | 24 25 
aS ei Gas-light or | 
Soe | lamp-light | 14 8 15 18 14 ae 12 





It will be seen from the table that there is no general decrease in the carbonic 
acid with increase in the cubic space per person; and indeed the highest results were 
obtained, curiously enough, in the rooms with most space per person. This was 
evidently due partly to the fact that a large number of these rooms were spinning- 
rooms, which are commonly kept tightly closed in order to prevent cooling or injury 
to the product from external atmospheric changes. In gas-lit rooms there is on the 
whole a marked relative increase in carbonic acid in rooms with a large cubic space 
per person. Thisis explained by the fact that in such rooms the proportion of gas- 
jets to persons is usually much greater than in rooms with a small cubic space per 
person. It is quiteclear from the table that a large cubic space per person affords 
no guarantee for purity of the air. In factories and workshops, where rooms are 
always continuously occupied for some hours, foul air is about as often met with in 
sparsely occupied as in crowded rooms. 


In testing the ventilation of a room by analysis of the air, it is important to Pee 


how far the result is atfected by the time during which the room has been in continu- 
ous occupation. The following table, for which we are indebted to Mr. P. J. Kirkby, 
Fellow of New College, Oxford, furnishes an easy means of calculating the probable 
maximum to which the proportion of carbonic acid in the air of a room will ultimately 
rise, and the raté of ventilation, assuming the latter to remain constant, and the mix- 
ture of the air to be fairly complete. 

















EB T E T E yh 
E t E, t E, t 
“95 10° Ta 1:43 “HO "62 
93 75 69 1-25 48 59 
90 yy 66 Le “45 53} 
‘87 3°3 63 1-0 43 | 50 
85 3-0 ‘61 ‘91 40 A5 
82 2°5 58 83 37 40 
‘79 2-0 56 17 35 37 
77 18 4 ‘71 30 31 
“15 1:67 52 67 25 25 

















To use the table it is first necessary to calculate the excess of volumes of carbonic 
acid per 10,000 of air, which would have been present with no ventilation at all. As 
each person produces about a cubic foot of carbonic acid per hour, this number (E,) 
is found by multiplying the persons present by the time in hours of occupation, and 
dividing the result by the cubic feet of air space in the room divided by 10,000. Thus 
if the room has a capacity of 50,000 cubic feet, and 150 persons have been present for 





half an hour, E, will be= Lal °_ 15. The ratio of the observed excess (E) to E, 
10,000 

is then calculated. Thus if 10 volumes have been sound in the air E may be taken as 

10—4—6, if the room ig in a large town ; and the ratio a will be = = = 04. The 


maximum to which E will subsequently rise is then found by multiplying E, by the 


number standing opposite to the value of # in the second column of the table. As 


” 


a 
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in the supposed case this value is 0-4, and the number opposite is 0-45, the required 
maximum value of Eis 15 x 0°45 =6-7, so that the carbonic acid will ultimately rise 
to 67 +4 = 10:7 volumes per 10,000. 

If the ratio zi less than the least number in the first column, the corresponding 
number in the second column is the same, as the two columns have reached an equality. 
In this case the maximum proportion of carbonic has been reached,and there will be no 


further vitiation. Practically speaking, if the ratio a is less than a third the 


° 


maximum has been reached: if the ratio is 4, the maximum excess is a fourth 


greater than E. If the ratio= is greater than unity it is pretty certain that the air 


of the room was not pure to start with (Table O, Nos. 41, 45, 58, 59, 60, 61, Appendix 
I.) or that gas, has been burning (Table O, No. 43.) or impure air entering the room. 

The numbers in the second column of the table are in each case the ratio of the 
time (T) required for the air of the room to be completely changed to the time (t) 
during which the room has been occupied. It is thus easy to calculate the value of T; 
and the cubic capacity of the room divided by T gives the number of cubic feet of air 


per hour being introduced. Thus in the above sample, since a was 0°45, and t was 


50,000 
0-225 





vo LT. = 03 x 0:45-< 0225, and the ventilation per hour was 


=222,000 cubic feet, or Sei 

The application of the table is illustrated by the experiments with burning 
candles described below, and by a number of observations described in Appendix I. 
It must always be borne in mind that the temperature of a room frequently increases 
up to a certain point with the duration of the occupation, and that this may increase the 
rate of ventilation, so that the excess of carbonic acid will not actually rise so high 
as the calculated excess. The accuracy of the calculation is also limitéd by the fact that 
the production of carbonic acid per person may be somewhat greater or less than 1 cubic 
foot per hour, according to the nature of the work, ete. 

For practical purposes the following abbreviated table will be found useful. 


1,480 cubic feet per person. 











— 


E 
When the value of E * - “ é : . 3 or more 2 1°75 15 1°25 














The probable maximum future excess will be H x - - 1 1:24 1-4 bid 27 














The probable number of cubic feet of fresh air per person and per hour is obtained 
_by dividing 10,000 by the value obtained for the maximum future excess. 

As the conditions in the rooms of different factories and worksbops vary very 
greatly, and the most suitable and economical means for obtaining satisfactory ventila- 
tion vary correspondingly, so that any uniform system of ventilation for ail is out of 
the question, we have thought it most useful to give in the following pages a general 
account of the different ways in which fresh air is, or may be, introduced, and of the 
conditions which modify the effects produced. 


NATURAL VENTILATION WITHOUT SPECIAL OPENINGS. 


In all rooms a certain amount of exchange of air occurs through the walls, roof 
floor, and various chinks, as was originally proved by Pettenkofer. He showed 
experimentally that when all visible chinks were closed in a room investigated by him 
the rate of ventilation was only diminished by 28 per cent.,as compared with theratewhen 
the windows and door were onlyclosed in the ordinary way. How free the passage of air 
may be is shown by the fact that even in a small room there is still a brisk draught up the 
chimney after the door and windows are tightly closed. Thus ina room of 1,400 cubic 
feet used for some of the experiments described below the chimney draught was 
4,450 cubic feet per hour, so that this amount of air was entering through the walls, 
etc. 

As it was important to obtain some general ideas as to the amount of air which may 
pass through a room unprovided with special openings for ventilation, a number of ex- 
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periments on this point were made by one of us. The method adopted was to leave 
the room closed with a certain number of paraffin candles burning at even intervals 
over the floor. From the weight of paraffin burnt in a given time the volume of car- 
bonic acid produced (which was found by experiment to be ‘058 cubic feet at 60 deg. 
F. and 29°9 inches barometic pressure per gramme of candle burnt) could be estimated, 
so that from the excess of carbonic acid in the room above that of the outside air the 
volume of air entering the room could easily be calculated from the table already given. 
It will be seen that the percentage of carbonic acid from the candles was in some ex- 
periments somewhat higher near the roof or on one side, but the calculations are 
based on the analyses of samples taken at the centre of the floor and at the breathing 
level. In the experiments on the first room * the ventilating effects of an open fire- 
place are also shown. JInall cases the rooms and surrounding rooms were thoroughly 
ventilated before starting, and since the buildings were practically in the country 
the proportion of carbonic acid could safely be assumed to be as nearly as possible 3-0 
volumes per 10,000 in the room before starting and in the outside air. Where not 
otherwise stated the samples were taken in the centre of the room at a height of about 
4 feet from the floor. If any person was present during the experiment the carbonic 
acid produced by him was allowed for. ‘The analyses were by the method described 
in Appendix ITI. 





























Hours 
required 
: for a | 
eis “ ee Temperature | Vols. of | volume of 
Description of room. fate 4 | Rendle Centigrade, | CO, per | air equal Remarks. 
. 10,000. | to that 
per hour. | lighted. ae aha 
Ins. Out. room to 
enter. 

Room A.— Capacity 1:29 Ll 0:8 Flap of fireplace 
1,390 cubic ft., and 9:3 ft. open. Breeze scarcely 
high. Bedroom on first perceptible throughout 
floor. Fireplace and one experiment. 
window. One _ outside 5 ih At roof. 
wall of brick. Walls and is A] 16° 14:2° 11 
ceiling papered. # 4°] At roof. 

“i 56 1:0 Chimney draught= 
620 cubic ft. per hour. 
s 56 At roof. 
Same room - - - 126 } 2°7 iG°7° 5:0° 1-0 Flap open. Very 
slight breeze. 
Pe ee | At roof. P 
- 3:7 0°9 Chimney draught— 

700 cubic ft. per hour. 
ie a7 | At roof. 

Sameroom - -— - 1°40 31 Ly 22 eal i 2-7 Flap closed. Breeze 
scarcely perceptible 
throughout experiment 

iy 31 22-7 At roof. 
a 4-1 26°7 3°4 
& Al 27°71 At roof. 
1°36 5:1 26°7 2°9 
- 51 27°2 At roof. 
i 61 23°2 21 
., 6:1 11s" aa 29°1 At roof. 
; 9°6 24°6 2°2 
« 9°6 30°1 At roof. 
+ 11°6 17:8° yj 1062 27:2 2°5 
‘5 11:6 28-2 At roof. 
Same room - : - Aa I 2°0 19° 14a SOT ba 18 Flap closed, strong 
_wind throughout ex- 
periment. 
x 181 aye 16-9 At roof. 
141 3:0 15:3 15 








* These first experi i 
Se xperiments were made by one of us for Appendix I. of the Report of the Departmental 
Committee on the Use of Watersgas (Parliamentary Paper 1899), é 
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Description of room. 


Same room - . 


Same room = - : 


Same room = - - 


Room B.—786 cubic ft. | 
Attie of irregular shape 
One win- | 


on second floor. 
dow. Walls papered. 


Room C.—1,100 cubic | 
-ft., 11-5 ft. high and nearly | 
laboratory 
room on ground floor. | 
One window and one out- 
sandstone. 
One inside wall of sand. 
stone, and other two of 
Walls 
papered. One fixed 
ventilator at roof. Opening 
Left 


open through both experi- | 


A 


square. 


side wall of 


wood and plaster. 
not 


about 24 square in. 


ments. 
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| Hours 
required | 
Cubic ft.| Hours | Temperature Vv we 
of CO, since Centigrade. als. pit tyoluniss of 
formed | candles ett 0 im Remarks. 
] ? ‘ a | 
per hour. lighted. | Ins. Out. ofthe | 
room to | 
enter. | 
1-41 30 19-1 | At roof. 
x 4-0 180° s'8?)  1ere 15 
ie 4:0 18°2 | At roof. 
- 6°0 The 14 
Z 60 | 17:2 At roof. 
: TA 16:7 13 
ae iy fee) 18°7 | At roof, 

ee aig os 16-7 1:3 

; 8-5 18:7 Atroof. Flap opened 
afterwards 

¥ 110 | 183° 110°] 9:9 0-7 

= 11:0 90) t At roof. 

ne 12°5 9-4 0°6 Chimney draught = 
2,700 cubic ft. per hour. 

oe 1235 a9 At roof. 

1°35 2°0 11:2 0:9 Flap closed. .Mode- 
| rate breeze, 

a 2°0 Loca) AL be? 17:9 At roof, 

ee Bie t 14°6 13 

~ | ers O 175 At roof. 

ry | 5D 49-6 232 Breeze now very 
slight. 

eee 5:5 22°7 At roof. 

1-37 ee 5, 197 hy 

is 115 Poe LOds ba eo 2°4 No bréeze. Lower 

sash of window now 
| raised 7 inches, 
j 130: | 9-8 ie 
Ls 13-0 12°4 At roof. 

A LAO eke 110-2" | LOS 0°8 

. 14-0 wry At roof. 

1:36 1:3 POAV EA 13°6° 4°8 0-2 Fire burning brighly 
4°8 in grate. Slight breeze. 

Chimney draught = 

| . 4,450 cubic ft. per hour. 

Ly 1:3 4:8 ‘At roof. 

aa deh Ne O 19:48ue 23°5° 6°5 0-4 

o 2-0 6:5 At roof. 

4 3-6 18-8° 13°8° 72 0-4 Fire much lower. 
Draught = 3,260 cubic 
ft. per hour. 

i 3-6 4-9 At roof. 

37 tl VA eh 0° We 20°8 18 Wind imperceptible 
throughout experiment 

b 1-faes 28-2 At roof. 

aa 2°3 24-4 18 
cele 23 26-0 At roof. 

Per 3-9) | 17-Bhm UB) 22-9 12 

= | 3°2 26°9 At roof. 

0-94 | 0-0 13°5°  11°5° 3-0 Wind scarcely per- 
ceptible. 

eS 103 | 29 

tee 11-9 | 13 

oft ey eee 13°4 1°3 

KS | 60 16-0 15 

a Pe ee 15 

| } 
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~ Hours — 
| required 
| pi : : . ; 
Cubic ft. | Hours | Temperature | Volume _ ot igs f 
Description of room of CO,'| since — Centigrade. | of CO, mE a Remarks 
Description - formed |: candles | par : hn | arks. 
per hour.| lighted. | Ins. Dut! UOT Nd 
| | | | of the 
| | | room to | 
| enter. | ; 

Same room. - - : 1-41 L78 id i 2 do" 57 0:25 Strong wind through: 
ie out experiment. 
| 373 6°3 0°53 

4 4-0 5°3 0-25 

Room D.—5,600 cubic 1:41 O6 Df Te 8? ee ee — | Wind scarcely per- 
ft. 11:5 ft.. high and | . | ceptible. Simultaneous 
nearly square. Labora- 8 1°25 gk 50’ 4:2 with first experiments. 
nee ae mn ss gan | ~ 2-7 fn Sil 4°6 on Itooms C and E. 

wo double windows and | 
one outside wall of sand- | ny 4:0 10-0 he 
stone. One inside wall | 4s 4-7 10°5 ed aa 
brick, one of sandstone, | me ie i 132 ae ge 
and one of wood and | Rane a ee hae ie al 9°2° | 124 4°] 
plaster. No fireplace. | | | | 
Room not papered. | | | 

| | 

Same room - - = | 282 | 16 8-4 Bs] Strorg wind. Simul- 

| Bose. Pade be 16  — taneous with| second 
| Ke 3°2 10°3 18 | experiments on Rooms. 
. 3:8 178°) °Ya"o° oS hoe I+ C and E. 

Room E.—18,800 cubie | 7-5 00 | 3-0 Wind scarcely per- 
ft. 11:5 ft.. high, and | f 0°5 2D? oa ok 28° bs — ceptible. Simultaneous 
70 x 24 ft. Along labora- Ae PU. ae 72 -= with first experiments. 
tory room on ground “ 2-9 ae | 8-4 2°0 on Rooms D and C. 
floor. Windows and four . ee pee | 106 2:5 At roof. 
doors. 70°/, of wall is to | ¥ 4:2 | : 10:3 At one end of room. 
outside, and of sandstone. a | 45 10°3 
Otherwise like room D. Lot eae | aA 271 

bs, Vd 28ers 5° 9-oen lene 18 
Same room. - - : — ——- a }, ae ~- Strong wind. Simul- 
14:7 4 a | 108 2-0 taneous with second 
. 2-0 beh 15 experiments on Rooms 
, 2°8 | Saeed 15 C and D. 
| : 3°6 [15° “Taser eee 1-8 Wind now less strong. 
$ 4-2 14:7 1:6 Wind stronger again. 
. 

Room F.—13,300 cubic | 4:7 0-0 | 168° 156°! 3-2 Gentle breeze 
ft. 15 ft. high and nearly | > 3-0 Bice 2°9 throughout experi- 
square. <A large ground as 4:8 | . 9-4 1°9 ment. . Very percep- 
floor room in Auchter- 6:2 47°8° 140° o7 Tr tible draught up chim- 
arder, used as a gym- *s 6:7 om 99 179 ney, but fire not Ht. 
nasium. One large open | Simultaneous with first: 
fireplace and.two doors. | | . ) experiment on Room G. 
Walls of stone. : | 

Room G.—75,000 cubie | 24°5 0-0 155 eee 3°1 Gentle easterly 
ft. 79x40 ft and 30 it. 4 | 38 16°8° °14°0° 9-0 2°3 breeze through  ex- 
high in centre. Town i. 40 >) 9-3 24 periment. 
hall of ee a ad ‘a | "pees ee 1 T°0° ~ 15 °a°t) aes 2°1 
Gallery behind, about ‘ae | 104 2°2 
15 ft. high in centre. ‘ 8:2 95 2-0 
Stone walls. Sloping roof ng ome hs O° | aoe 9°9 21 
with skylights. Venti- ) / 
lators closed. | / 

|° 15°2 ODF") 160° © 16°2 2°9 -— Wind scarcely per 
| Me 1-0 43 — ceptible. 

Sane room - - . | “ 10 4°6 — Middle of gallery. 
| bs Bd | 60 3°3 

" S:1 6-2 — Middle of gallery. 
Pog he 6°2 F 
* 28 | 175° 165 rea 2:5 


i 
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Hours 
required 
(IO OVO. “ku Cubic ft. Hours | .Temperature | Volumes Ay 
..s. Deseription of room. tice! chante r yagi se Bat? sr equal Remarks, , 
} per hour. | lighted. | Ins. Out. | 10,000. |. of the 
room'to 
pa ee ee ea 4 _ enter. 
z 7 ee Aes ; ; : 
Same room. . 15°2 3-0 18-2°  16°5° 6:7 f. Miidle of gallery, 
$s oy ie ek RL 
a 4°0 a — Platform in front of 
5 4] 73 a7 hall. 9 and shad 
é 4:3 84 — Middle of gallery, 
& 4°8 88 Ae | Platform. 
4 4°9 Feats 173° 79 370 
a! a tis" 9°3 = Gallery. 
. hh 9°6 ae Platform. 
| 5 56 8:3 Bib 
ipa aee 6:0 10°] age Platform. 
. ss 6°2 9:0 Gallery. 
- 85 99 mA P.atform. 
"4 * 6°6 “9 °0" ves 
Room H.—72,000 cubic 15:0 0-0 dla, Gayle Sclr Was he. | Gentle N. W. breeze. 
Tt. 574 x ‘#64 ft., and 28 ft. | as, ; | Air entering by loosely 
high ‘im’ centre. Free fitting windows cn 
ehurch, ;: \: Auchterarder. west side. 
Gallery. round three sides, 33 A ee) 55 _ Back of gallery. 
and about 15 ft. high in sy 1-2 51 2°8 
centre. Lighted by win- 2 2-0 69 — Back of gallery. 
dows. “Ventilated by ; ot 6-2 wate . 
openings measuring about iS 2°9 6-0 — | West side of body. 
46 square ft. in all, and , 3:0 79 7 s_ |. Hast side of body. 
communicating with loft i. 31, 12 Baal 
below _ slates. Side - | 314 7D ae Back gallery. 
windows. i 45 75 2:7 
teeny: Set? aT cA 4°6 73 Back gallery. 
' " 4:7 6:4 — West gallery. 
44 4:8 73 — Kast. gallery. 
si : 5-5 7-2 2:2 ) 














In addition to the experiments with candles in rooms © and D, a number of 
others had previously been made by the method of allowing coal-gas, instead of 


carbonic acid, to escape into the room at a known rate. 


The full details are given at 


p- 86 in Appendix I. of the Report of the Water Gas Committee, 1899. In several 
cases the percentage of coal-gas in the air at the roof and at 4 feet from the floor 
became practically the same after a few hours, and these.experiments are therefore 


available for calculating the rate of natural, ventilation. 


©, the small ventilator near the roof was closed. 
experiments were as follows :— 


In the experiments on room 


The results of the available 








—— 











$6 Rate of Duration of 
od escape of NY. 

bay gas in cubic] 5) ta 

ft. per hour. eee 
Room C, 1,100 cubic ft. 10:2 82 
10°2 9-2 
Room C - - - 11°6 9-3 
Room D, 5,700 cubic ft.) 14-0 7-9 
11°8 11°2 











Percentage of gas Hours 
in the air. required, for a 
volume of air 
equal to that 
a Aft. At of the room 
Adar roof. to enter. 
1-45 1°40 1°6 
1°35 oe 1°5 
2°74 2:54 2-4 
0-77 0:74 3-0 
0-71 hack 3-4 











} 


Remarks. 


Slight breeze—13 deg. 


inside and 8 deg. outside. 


No breeze—13°9 deg. 
inside and 4:5 deg. out- 


i side. 


Little breeze—13 deg. 


_ inside and 5 deg. outside. 





GHAQd. 
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Taking first the case of rooms with no fireplace openings, it will be seen that in 
the small rooms of about 1,200 to 1,400 cubic feet with a boarded floor above, only 
one outside wall, all openings closed (Room A and Room C in the experiments with 
gas), aad no appreciable wind the air of the room was changed about once in two or 
three hours, while in the larger room of the same character (Room D) the rate of 
change was once in three to five hours. It is evident that the form and general con- 
struction being the same, the larger a room the more slowly will the air in it be changed 
by penetration of air through the walls, etc., for the extent of walls, roof and floor 
surface does not increase in the same proportion as the cubic capacity. The surface 
increases as the square, and the capacity as the cube, of any corresponding diameter 
for rooms of the same shape. Thus an increase of eight times in the capacity will corre- 
spond to increase of only four times in the surface. Very large rooms, when unpro- 
vided with openings for ventilation, may thus contain very foul air, although the air 
space per person is very large. Striking examples of this are provided in Apendix L., 
particularly in Table O, Nos. 28-61. (Spinning). Thus in one spinning-room of 
91,500 cubic feet, containing only 9 persons as sources of vitiation, the carbonic acid 
during the day was found to rise as high as 16°5 volumes per 10,000 (No. 46), and 
this in spite of the fact that the temperature was extremely high (92 deg.), which 
would naturally favour the exchange of air; when gas was being used in the early 
morning and evening the carbonic acid in the day was 46 volumes in this room 
(No. 43), and 565 in the evening with gas actually burning. The rate of change of air 
was evidently not more than about once in 24 hours. The apparently anomalous fact that 
we found the proportion of carbonic acid on the whole as high with a large as with 
a small air space per person (sc? above) is to a great extent explained by the fact that 
the rooms with a large air space per person were relatively very large. In the larger 
rooms, however, other circumstances, such as a more permeable roof, or a larger 
extent of outside wali, may favour the ventilation, as in Rooms E, I, G, H. 

The influence of wind increasing the natural ventilation through walls, ete., is 
clearly shown in the candle experiments. In Rooms A, C and D the ventilation was. 
increased by from two to six times by a strong wind. 

Difference of temperature between inside and outside must increase the exchange 
of air between inside and outside, particularly if the roof is easily penetrated by air. 
The effects of temperature differences are not, however, very apparent in the candle 
experiments, and it must be remembered that in rooms of average height the effect of 
any ordinary difference of temperature in causing air to pass through walls and chinks 
is probably slight as compared with the influence of wind. With a room of average 
height a gentle breeze of ten miles an hour will have far more effect than a difference 
of temperature of 20 deg. F. ‘The effects of temperature differences are however, very 
clearly seen in the case of the Scotch weaving shed (Table P, Nos. 1 to 17, App. L.} 
where the ventilation was about three times as great witha temperature difference of 
about 18 deg. F. as when there was no difference. 

The influence of an open chimney, with or without a fire burning in it, is very 
distinct in the experiments on Room A. <A bright fire increased the ventilation of 
room A as much as ten times, whereas the mere opening of the flap of the grate 
doubled the ventilation. 

The experiments in Rooms Gand H indicate that a roof which is easily perme- 
able to air makes a great difference. In spite of their relatively large size the air of 
the church H and hall G, which had easily permeable roofs, was changed about once in 
three hours. The influence of an air-tight roof is also very distinctly shown in one of 
the weaving sheds (Table M, Nos. 22 to 34). This was covered with water, and there 
were no windows open, or other means of ventilation, with the result that, though each 
person had 1,620 cubic feet of air space and no gas was being used ; the carbonic 
acid during the day gradually rose to 33 volumes per 10,000, and was still rising when 
work ceased. This résult may be contrasted with that found in No. 10 of the same 
table, or in the Scotch shed, Table P, where, with an ordinary roof and nearly all 
ventilators closed, the carbonic acid during the day only rose to about 6 volumes, and 
had reached this point after an hour of occupation. 

Taken as a whole the experiments indicate that in small rooms, provided there is 
an open chimney, no gas burning, and an air space of not less than 1,000 cubic feet 
per person, the ventilation may often be fairly sutticient without open windows or other 
special means of ventilation. With a good coal fire burning in the grate the ventila- 
tion is likely to be fair, even with only 400 cubic feet of air space per person. The 
larger the size of the room, however, the greater becomes the need of special openings 
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for ventilation ; and in rooms of over 5,000 cubic feet open windows or special ventila- 
tors are nearly always necessary unless the air space per person is very large or the 
roof is very permeable to air. In large and crowded rooms it is very difficult to pre- 
vide adequate ventilation at all times except by the use of fans; but the observations 
on the Scotch weaving shed just referred to show that excellent results can be attaineel 
without mechanical ventilation even in a very large room if there is no crowding, ane 
the manufacture is not affected by external variations of atmosphere. 

The difficulty in ventilating crowded rooms, if fairly large, without fans is well 
illustrated by the notoriously bad ventilation of elementary schools. The average 
proportion of carbonic acid in elementary schools without fan-ventilation was found 
to be 18°6 during the winter months, with an average of 186 cubic feet of air space 
per child, and 15,450 cubic feet per room’. ; 


NATURAL VENTILATION THROUGH SPECIAL OPENINGS. 


Where special openings for ventilation of workshops and factories are used these 
are in the great majority of cases open windows. Asa general rule this seems to be 
the most practical arrangement in ordinary buildings. Where permanent openings. 
such as ventilation shafts are also provided we have frequently observed that these are 
either totally insufficient in number or size, or have been blocked up in cold or windy 
weather, and left in this condition. It is evident that where windows are used for 
natural ventilation they require constant regulation, as their action is entirely depen- 
dent on the varying influence of wind and differences of temperature between inside 
and outside. Not only must the extent be varied to which any particular window, or 
set of windows is opened, but often it is necessary,to close those facing in one direction: 
and open those on the other side. The most suitable arrangement of windows varies. 
so much in different kinds of rooms that it is impossible to lay down rules on the sub- 
ject. The windows should, however, always open at as high a point as possible, with 
a view both to avoidance of draughts and to allowing of the more ready escape of the 
heated air from lights and persons. Windows so arranged that the incoming air can be 
directed upwards are advantageous in winter, but should when possible be capable of 
being opened as freely in summer as ordinary sliding sashes. The free opening of 
windows in summer is an enormous advantage. 

Where open windows are used as outlets it not infrequently happens that a stair- 
case, or the shaft of a lift, is the principal inlet. If the air thus entering has been 
more or less warmed by passing through a basement or ground floor room which is 
heated in winter this arrangement is successful ; but often enough, as already pointed 
out, the foul air from one flat is allowed to pass up into the next, so that the incoming 
air for the higher flat is far too impure. i 

The opening and closing of windows ought not to be left solely in the hands of © 
ordinary workpeople, but a foreman or other person in each room should be made re- 
sponsible for having enough of windows open to keep the air fresh without causing 
inconvenience from cold and draughts, and for seeing to the proper regulation of the 
heating arrangements. The freshness of the air can best be judged of on entering the 
room from the outside air; and for the regulation of temperature a thermometer 
should be used. 

In very wide rooms, sheds, etc., ventilation is usually carried out by means ef 
special ventilators or shafts in the roof, often supplemented by Tobin tubes or 
other inlet openings. Where ventilation is mainly dependent on this plan it is essen- 
tial that the openings should be sufficient in number and cross section to perform their 
work even on still and warm days. Roughly speaking a greater velocity than about 
200 feet per minute up a ventilating shaft cannot usually be counted on, even with free: 
entrance of air to the room. A cylindrical shaft of one foot in diameter has an area 
of nearly -8 cubic feet, and will therefore carry off about 200 x 60 x ‘8 = 9,600 cubte 
feet of air per hour. Hence to give a ventilation of about 2,000 cubic feet per pers>n 
per hour, one such outlet ventilator would be needed for every five persons, or one- 
square foot of free outlet shaft for every six persons, together with corresponding intet 
provision. We have observed that the provision of ventilating shafts is frequently 
quite insufficient. Often, too, the shafts are so obstructed by various elaborate con- 
trivances above, or in the course of the shaft that they are of very little use except in. 
windy weather, when they are least needed, as natural ventilation by other means is: 





(*) Carnelley, Haldane, and Anderson, Philosophical Transactions, 1887 aR: p. 78. 
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then at its maximun. It is unfortunate that ventilation is frequently regarded from a 
qualitative rather than a quantitative aspect. Arrangements which are well designed 
with a view to prevention of draughts in cold weather, or to utilising the effects of wind, 
are often quite insufficient to give the necessary quantity of air in warm or still weather, 
so that unless windows are freely opened the ventilation may be very bad. If the ven- 
tilators are designed so as only to give sufficient air in cold or windy weather they 
will not give nearly enough in still weather ; and if they give enough in still and warm 
weather they will usually cause draughts in cold and windy weather unless they are 
partially closed. The truth is that natural ventilation, whether by means of shafts, 
etc., or by open windows, needs constant regulation and attention ; 2nd in factories 
and workshops employers should make such arrangements that not only are sufficient 
means of ventilation provided for all weathers, but that some one person is definitely 
responsible for their regulation in each room. From what we have observed we are 
convinced that under these conditions it is easy enough, where a room is not crowded, 
to keep the air fresh, and consequently well within the carbonic acid limit recom- 
mended by the Committee, and that no hardship would. be imposed on employers by 
thits limit provided the regulation were interpreted in a reasonable spirit and with due 
regard to the difficulty of avoiding occasional mistakes, , 

- The more crowded a room is, the less easy does it become to secure adequate 
supply and distribution of air without the use of fans. A great deal will, however, 
depend on the adequacy of the heating arrangements, the situation of the windows or 
other openings, and the possibilities of using them for-ventilation without causing in- 
tolerable draughts. In cases where, after due notice of inadequate ventilation has 
been given, the air is not kept within the proposed limits of purity, we are very 
decidedly of opinion that the employer can be fairly called upon to provide adequate 
mechanical or other ventilation, with the inlets and outlets so arranged as to avoid 
draughts, or else to reduce the number of persons employed in the room. 


VENTILATION BY FANS. 

Ventilation by fans has the great advantages that (1) practically unlimited quantities 
of air ean be supplied ; (2) the supply is completely under control, so that it can always 
be relied on ; (3) the incoming air can be warmed, moistened, or filtered from soot ; 
(4) dust and fumes can be removed at or near the points where they are given off. 
These advantages are so great as compared with the cost involved that where engine 
power or electricity is available mechanical ventilation is now very largely used in 
factory ventilation, even in rooms which are not crowded. bs Mop pace. 

A fan may be placed in either an inlet or an outlet for air, the best arrangement 
‘for any particular case depending on circumstances. If it 1s necessary to. warm, filter, 
‘ov moisten the incoming air, the fan should, as a rule, be in an inlet, so that no untreated 
air can enter the room. On the other hand, ifthe incoming air has not to be treated 
“the most convenient position is usually in an outlet placed high up. The incoming air 
then enters through the walls, roof and various openings. The incoming air currents 
should be so directed and sub-divided as to secure proper distribution of air 
and reduce draught to a minimum. In rooms of great superficial area several 
fans are needed to secure proper distribution ; and often a combination 
of inlet and outlet fans is advantageous. Where: a fan is used for the 
removal of dust, steam or fumes which are escaping into the air and cannot be dealt 
with at their point of origin, the fan should be placed so as to draw off the vitiated air 
as directly as possible, and particularly not to draw it across the room. Mistakes as to 
this point are not infrequent. Proper heating arrangements must of course be combined 
with fan ventilation, whether or not the incoming air is heated. 

For purposes of general ventilation, where the difference of pressure on the 
two sides of the fan is, or ought to be, practically inappreciable, fans of the simplest 
construction, aad with a minimum of internal resistance, are employed. They are 
usually.of the propeller type. The propeller fan resembles the screw-propeller of a 
steamer, and is set in a circular opening, through which the air is propelled by the 
rotation of the fan. Assuming tbat there is no difference of pressure in the air on 
the two sides of the fan, the whole of the energy communicated by the motor to the 
tan, with the exception of what is wasted in friction, is expended in setting the air’ 
in motion. Part of this motion is, however, lateral, and therefore useless, so that 
with a propeller fan only about about 40 per cent. of the energy communicated to the 
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air, or less, is expended in driving it in the required direction parallel to the: axis 6f 

the fan’. Even so, however, the volume of air which can be propelled with a 

trifling expenditure of power is enormous. The number of foot pounds (F.P.) of 
9 ’ 


“a 


_ where 





work communicated to the air per second in driving it forwards is 
5) 

hus ess “5 

W=weight in pounds of air moved per second, 

V =velocity of air-current forwards in feet per second, 

¢=acceleration due to gravity in feet per second ; 
but one cubic foot of air weighs about ‘078 Ibs., and g=32-2, hence, if Vol.= volume of 
air moved in cubic feet per second, the formula becomes 


1. 4 i 72 
EP. BES satnt-res vol x V2 x 00121, 


Hence, if the opening of the fan is 2 feet in diameter, or 3°14 square feet in area, 
and the volume of air delivered is 40 cubic ft. per second, or 144,000 feet per 


: ie Aron 
hour, so that the velocity through the opening is 374 0r 2 ‘7 feet per second, the foot- 


pounds per second of work expended in driving forward the air will be 
40 x 12:7’ x ‘00121=7'8. This is equivalent to 468 foot pounds per minute, or 

468 
33,000 
municated from the driving belt to the fan is utilised in driving forward the air, the 
horse power required to drive the fan will be only 0:07. 

The volume of air moved by a fan varies directly as its rate of revolution, and 
the work done on the air varies as the square of the velocity of the air-current, so that 
the work done by the fan varies as the cube of its rate of revolution. It is thus an 
economy of power, as well as of wear and tear, to employ a fan of sufficient size not 
to require a very high rate of speed. 

When a fan is working against resistance the energy expended in driving forwards 
the air is greatly increased, and with a certain back-pressure a fan working at a 
given velocity will practically cease to drive forward any air. With propeller fans in 
particular, this limit is very soon reached ; for since the velocity with which the blades 
are moving is much less at the centre than at the periphery of the fan, a much smaller 
pressure wall suffice to drive air backwards through the centre than at the periphery, | 
so that with increasing resistance there is more and more loss of useful effect from 
this cause, and finally the fan is practically churning air round and round within it- 
self. We. have frequently observed fans which were inefficient from this cause, 
Where a propeller fan, or duct leading outwards from it, opens on the side of a build- 
ing exposed to wind the pressure of the wind may easily cause so much air to blow 
backwards through the centre of the fan that the current is for the time completely 
reversed. . We have observed this, for instance, in the case of a fan used for removing. 
dust. The latter was being blown in the face of the workmen instead of being drawn 
off. The fan was too large for the work required .of it, and was consequently being 
run at a very low velocity. The passage of air backwards through the centre of a 
propellor fan can be remedied without increasing the speed by blocking the central 
part, which is of little use under any circumstances. The fan will then work efficiently 
against a much greater adverse pressure. , 

Where the fan is not completely boxed in by a surrounding tube, and the blades 
are not so constructed as to prevent lateral escape of air, adverse pressure from wind or 
other resistance will cause the airto escape laterally instead of being driven through 
the fan. If this escape occurs on the side of the fan from which the air is coming: 
its efficiency may be almost completely destroyed. It may thus happen that a fan 
placed in a certain position will drive air efficiently in one direction, but not in the. 
opposite direction. . | ati: 

When a fan is exhausting or propelling air through a duct it is evidently of great: 
importance to keep the resistance offered by the duct within a reasonable limit. The 
resistance depends largely onthe work expended in imparting velocity to the air, and 


= 00142 horse power. Assuming that about 20 per cent. of the energy com: 





* With a simple three-bladed fan, 2 feet in diameter and revolving 600 times per minute, Mr. W. (G. 
Walker found that with the best arrangement of blades 42-8 per cent. of the energy communicated to the air by 
the fan was expended in driving it forwards. The fan was delivering 2,420 feet of air per minute, and the 
horse power communicated to the air was ‘0334 (Proc. Inst. of Mechan. Engineers, Nov. 1897.) 
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this work, as already seen, increases in proportion to the square of the velocity of the 
air current. Hence it is very important that the duct should be of such a size at all 
points that the velocity is moderate. As a general rule a duct or its combined branches 
ought to have a cross-sectional area equal to, or somewhat greater than that of the 
fan opening; and where, as often occurs, it 1s necessary to Paste ict the size of the ducts 
and use rapid air currents, a form of fan with correspondingly restricted opening, 
amd working efficiently against correspondingly increased pressure, should be employed. 
An ordinary open propeller fan is useless in such a case, for the reasons just explained, 
aml a centrifugal fan is best. For the purposes of general ventilation, however, it is 
evidently preferable to employ fans and ducts with wide openings, and to run the fan 
at the lowest velocity which will secure under all conditions a sufficient air current. 
It should also be borne in mind that at every point which the air has to pass at an in- 
creased velocity due to narrowing or obstruction of the duct there is great increase of 
the work required to move the air, since the work increases as the square of the 
velocity. Ifa propeller fan 2 feet in diameter, or 3°14 square feet in area, is drawing 
its air supply through a duct narrowed at one point to 1 square foot im area, the 
output of the fan, when running at a given velocity, has been found to be reduced to 
about a third of what it would otherwise be. 

A rectangular bend in a duct has been found to produce a resistance equivalent to 
that caused by an increase of nearly 50 per cent. in the velocity, or 100 per cent. in the 
pressure needed merely to set the air in motion at the same velocity. Sharp bends 
should therefore be avoided wherever possible. The loss at a bend is greatly 
diminished by making it gradual. There is also a loss at the entrance of a duct 
equivalent to ‘that caused by an increase of nearly a third in the velocity, unless the 
epening is trumpet-shaped. 

Frictional resistance of the duct walls must also be taken into account. Its amount 
is proportional to the total internal surface of the duct, but inversely proportional to 
the sectional area. It follows that the duct should, so far as possible, be of such a 
shape as to present a minimum of internal surface with a maximum of sectional area, 
and that it is disadvantageous to sub-divide an air current between several ducts. 
Frictional resistance depends also on the velocity of the air current. When the walls 
of a duct are perfectly smooth, as in the case of a glass tube, the resistance varies 
directly as the velocity of the air current. Where, as is almost always the case in 
practice, the walls are not very smooth, the resistance increases or diminishes 
more rapidly than in direct proportion to the velocity, but not so rapidly as in 
proportion to the square of the velocity. The resistance from friction thus 
does not vary with the velocity according to the same law as the resistance due to 
the work required merely to impart motion to the air; and frictional resistance is 
of greater relative importance with slow than with rapid air currents and is also 
much more important with 'ong than with short ducts. It can often be more 
advantageously overcome by increasing the driving pressure than by increasing the 
sectional area of a duct. 

Where there are several openings for the passage of air into or out of a duct these 
should be properly proportioned to give the required flow at each. This is best 
done empirically, with the help of an anemometer, or by using the flame of a candle 
or taper to judge of the velocity of the current at each opening 

All air-ducts should be accessible for inspection and cleaning, particularly if 
‘there is much dust in the air Accumulations of dust may greatly diminish the flow 
 ofair through a duct. 
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DETERMINATION OF CARBONIC ACID IN THE AIR OF FACTORIES 
AND WORKSHOPS. 


1.— Description of Apparatus. 


The apparatus referred to in the Report is shown in Figures |, 2 and 3. Figures 
1 and 2 are sections drawn to scale. It is enclosed in a wooden case, the internal 
measurements of which are 65 x 12 x 2} inches. The weight when the whole is ready 
for use is about 5 pounds. : 

The air burette A, which is enclosed in a water jacket with glass face, consists 
of a wide ungraduated and a very narrow graduated portion. It holds about 20 «.c. 
from the tap to the bottom of the scale. The graduated part, which is 4 inches long, 
is divided into about 100 divisions, each of which corresponds to saath part of the 
capacity of the burette, when moist, for mercury. The lowest division is marked 0. 
Any difference between a reading at or near zero, and a second reading is thus shown 
by the scale in volumes per 10,000, there being no calculations or corrections. 


The more important dimensions are :— 


Internal measurement of water jacket : 2 2111.7 inches. 
Width of shelves - - - - s : ar ae 
Distance from floor of case to bottom of lower shelf = yt ae 

” ” ” ” ” » Upper shelf - - 92 = 
Thickness of wood - - z : “ . 4 Eee 


Capacity of bulbs about 25 c.c. Diameter about 1°5 inches. 

Diameter of wide part of burette and control tube about 1 inch. Capacity 
about 20 ¢c. Internal diameter of connecting tube to potash 1-9 
to 2°2 m.m. 

Extent of graduated portion of burette 4 inches from bottom of wide part, with 
from 90 to 110 divisions. Internal diameter 1°5 to 1:7 m.m. 

Internal diameter of tube of potash reservoir and rubber connections. about 
4mm. 

The case is white inside to facilitate observation of the marks on the tubes. 

The corks closing the water jacket above fit loosely, so that air can easily 


escape. 


In using the apparatus the air is first expelled from the burette by opening the 
three-way tap B to the outside, and raising the mercury bulb C. The latter is then 
lowered and placed on the hook of the rack and pinion arrangement F, so that a 
sample of the air is drawn in, and the level of the mercury falls to near the zero mark. 
The tap is now opened towards the absorption pipette D, which is filled to a mark at 
E with caustic potash or soda solution (about 10 per cent.), and the sample measured 
with the precautions to be described below. It is then passed over into the absorption 
pipette, driven partially backwards and forwards two or three times, and again 
measured after the absorption of the carbonic acid. The difference between the 
two readings gives directly the number of volumes of carbonic acid per 10,000 in the 
sample of air. 

It is evident that the correctness of the analysis depends entirely on the avoid- 
ance of errors of various kinds in the two determinations of the volume of the enclosed 
air. Mistakes might be caused by slight variations in the temperature of the water, 
or the pressure under which the sample is measured, or in the degree of saturation 
with'moisture of the sample. A variation of 0'1 deg.C. in the temperature of the water in 
the jacket would, for instance, unless compensated, cause an error of fully 3 volumes 
per 10,000 in the analysis. 

In order to have a sharp index of the pressure under which the air is 
measured, the level, not of the mercury, but of the potash solution in the narrow bore 
tubing of the absorption pipette, is taken asthe index of pressure. At the first 
measurement the level is accurately adjusted to the mark E by raising or lowering 
the mercury by means of the rack and pinion arrangement F. At the second reading 
the potash level 1s again adjusted in the same way. As the potash has a specific 
gravity of only about a twelfth of that of mercury its level is a very delicate index of the 
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pressure. A difference j4,th part in the pressure would correspond to a difference 
of nearly 1 m.m. in the level of the potash solution, which would be very evident 
to the eye. 

To compensate for variations in temperature of the water jacket a control tube 
G is employed, of a size and shape approximately the same as the burette and with 
similar connecting tubing. The control tube communicates with the potash through 
the narrow bore glass tabe H, and before the first measurement is made the level 
of the potash in H is adjusted to the mark by lowering or raising the reservoir I, 
which slides up and down in a loosely fitting cork. At the second measurement 
the same precaution is taken, so that the air in the control tube occupies exactly the 
same volume as at the first measurement. As an alteration of temperature or of 
barometric pressure would affect the pressure to an equal extent in the burette and 
control tube it is evident that the adjustment of the level of the potash reservoir 
compensates exactly any error which the alteration of temperature or of barometric 
pressure would cause in the reading of the burette. , 

Before the adjustments of the potash levels are made, the water in the jacket is 
thoroughly mixed by blowing air through it by means of the tube K. This manipula- 
tion is absolutely essential. As error may sometimes arise from the potash tubes not being 
equally wetted above the marks, the rubber tubing should also be squeezed before a 
reading is taken, soas to momentarily raise the potash level by about 1 inch. Time must 
be allowed for the potash to assume its final position before the reading is made. If 
the levels do not rise and return sharply and equally there is grease or liquid in the 
taps or connecting tubes. The tubes E and H have an equal bore ofabout Z2m.m. If 
a uarrower bore be employed error is sure to arise through the potash not returning 
sharply to a perfectly definite level when disturbed. ' , 

In order to obviate error due to variations in the saturation of the air both the 
buzette and the control tube are left with a little visible moisture inside. If the 
burette has once been wetted inside, and as much as possible of the water expelled by 
raising the mercury, it remains moist for a very large number of analyses, but a little 
moisture should always be visible. 

The accuracy of the graduation is tested by filling the burette, while moist, with 
mercury, and weighing what flows out between the points 0 and 50, 50 and 100, and 
109 and the tap. A detached column of mercury should occupy the same number of 

divisions at all parts of the graduated tube ofthe burette. The efficient working of the 
apparatus is ascertained by depriving a sample of air of carbonic acid, and seeing that 


its volume as read off is not altered by more than about 0°5 of a division after. 


it has been passed over into the potash pipette, as in an analysis. Any error due to 
leakage in the connections, or failure from any cause of the potash to return exactly 
to its proper position in the narrow bore tubing, will thus be at once revealed. 

At the end of an analysis the taps must be turned so as to close the 
communications between the potash and the burette and _ control tube; 
otherwise potash may be sucked in if there is any considerable fall of temperature 
or rise of barometric pressure. 


The apparatus is so arranged that it can be used either for taking and analysing © 


on the spot samples of air, or for analysing at some convenient place samples which 
have been collected in small bottles. When the former method is used, the burette is 
filled with mercury, the tap turned sufficiently to close it without risk of potash being 
sucked over, and the mercury reservoir placed on the hook. The apparatus is then 
held or allowed to stand at the place where the sample is to be taken, and the tap 
opened, so that the sample is drawn in. During this process the breath should be 
held so as to avoid any risk of contaminating the sample with expired air. 

The manipulations required during the analysis may be recapitulated as follows : 
(1) Open the tap ofthe control tube to the air for a moment, and then turn it so as to 
connect the control tube and potash pressure gauge. (2) Turn the tap of the burette 
so as to connect the burette and the potash pipette. (3) Squeeze the rubber tube 
of the potash reservoir so as to raise the potash level about an inch above the marks, 
and see that the level of the potash alters sharply and about equally in the two tubes. 
(4) Blow air through thé water jacket. (5) Raise or lower the potash reservoir till the 
potash is exactly at the mark in tube H. (6) Raise or lower the mercury reservoir by 
means of the rack and pinion till the potash in E is exactly at the mark. (7) Read 
off the mercury level on the scale of the burette to ‘2 of-a division. (8) Raise the 
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Appendix III.—continued. 





mercury to the upper hook, so as to drive the air into the potash bulb ; then lower ita 
little and raise it twice again so as to wash any carbonic acid in the connecting tubing 
into the potash bulb. (9) Return the air to the burette. (10) Blow air through the 
water jacket. (11) Squeeze the tubing and adjust the two potash levels as before, and 
read off the mercury level. The first reading subtracted from the second gives the 
result in volumes per 10,000. (12) Turn the two taps so as to close the communi- 
cation with the potash bulbs. 

About four minutes are needed for the whole process. 

Care is necessary to prevent potash being sucked over into the burette, or 
merciry passing over into the potash pipette. As already remarked the latter may 
easily occur if the apparatus is left with the communication between the burette and 
potash bulb open. If potash has been sucked over the mercury should be removed 
and replaced by very dilute sulphuric acid, with which the burette should be thoroughly 
washed out. The tap should also be cleaned and greased with fresh vaseline. 

If mercury has passed over into the potash it must be removed by disconnecting 
the rubber tube below. 

In filling the potash tube some trouble may arise from the presence of bubbles of 
air in the potash of the pressure gauge belonging to the control tube. These may be 
got rid of by repeatedly squeezing and relaxing the rubber tube so as to jerk the 
potash up and down. — 

When once the apparatus has been prepared for use it should remain always ready. 
A. little water must, however, be occasionally syphoned into the water jacket to 
compensate for evaporation. The potash will last for hundreds of analyses without 
being recharged, but should be changed if the absorption becomes at all sluggish. In 
charging the apparatus with mercury it is important to see that no dirt gets into the 
burette from the rubber tubing. If any dirt appears it should be washed out with 
water. Should any black deposit from the mercury appear in the tube of the burette 
this may be removed by removing the mercury and rubber tubing, and gently sucking 
up nitric acid to the top of the graduated portion froma watch glass held below. No 
deposit should, however, form if the mercury is always replaced in its stand at the 
end of an analysis. The taps are lubricated with vaseline. The tap of the burette 
may be tested for tightness with the mercury. The tap of the 
eontrol tube is tested by attaching a piece of rubber tubing to 
its free limb, and sucking. Any leakage would be indicated by movement of the 
potash in the pressure gauge. Care must be taken that neither tap becomes nearly 
blocked with vaseline. To prevent the mercury being spilt if the reservoir is in- 
advertently dropped, or the apparatus laid on its side, the reservoir has a cork fitted 
with a piece of glass tubing of capillary bore ; and there is a similar cork in the potash 
reservoir. | 

When the sample for analysis is collected separately in a small bottle, as described 
below, it is necessary to open the bottle with its mouth under mercury or water, and 
withdraw the air for analysis by means of a curved tube dipping under the liquid. 
If the air is withdrawn without delay water may be used without appreciable error ; 
but it will probably be found on taking a second sample from the same bottle that the 
proportion of carbonic acid has appreciably altered. Hence a second analysis is not 
reliable when water is used. The reason of the alteration is that carbonic acid is_ 
soluble in water, and will either diffuse from the water into the air, or from the air 
into the water, according to the proportions of the gas already present in the water 
and air, 

When water is employed as the confining liquid a bent glass tube of the form 
shown in Fig. 4 may be used, the water being placed in an ordinary tumbler supported 
at a convenient height. The glass tube is attached by a short piece of rubber tubing 
to the top of the burette, and filled with mercury by raising the reservoir, the tap is 
turned sufficiently to close it without risk of potash being sucked over, and the 
reservoir placed on the hook. The stopper is then removed under the water and the 
tube introduced into the mouth of the bottle. On opening the tap a sample of the air 
is sucked in. The bottle and curved tube should then be slightly raised, so that the 
level of the water inside and outside the bottle, and consequently the pressure of the 
air, is the same. ‘The analysis can now be completed in the manner 
already described. As more than one sample cannot be taken from the bottle it need 
not have a capacity of more than 1 oz. 
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Appendix ILL.—-continued. 


When a double analysis may be desirable mercury should be used as the confining 
liquid. . The most convenient plan is to use a wooden trough and glass tube of the 
form shown in Fig. 5. | As, however, the sample is removed at negative pressure the 
mercury reservoir must be depressed below the level of the table before the tapis 
closed, so that the pressure is positive when the reservoir is placed on the -hook. 
The excess of air can then be let out by opening to the air the extra three-way tap 
shown at A. After opening the extra tap it should be again closed and the reservoir 
raised, so that if any air has been caught at the lower end of the burette it is 
disengaged before the analysis is begun. The narrow slit reaching to the bottom of 
the trough should be 4 inch wide, 6 inches long, and 44 inches deep. ‘The wide part 
which receives the neck of the bottle is 14 inch wide, 2} inches long, and 14 inch deep. 
The trough is made by screwing together two pieces of compact wood, with marine 
glue between them to make the joint tight. | When this trough is used the stopper 
may be removed after immersing the neck of the bottle in mercury contained ina small 
bowl. A Wedgwood mortar 34 inches in internal diameter is suitable. The bottle is 
closed with a finger and then transferred to the trough. 


The following examples will serve to illustrate the degree of accuracy attainable 
with the apparatus : 


I. Six successive analyses of outside air (country, winter): samples collected 
in apparatus. 
Vols. per 10,000. 
(1) 2:8. (2) 3:2. .(8) 3:3. (4)2°7. (5)3°. (6) 2°8. Mean 3:0. 
II. Three bottles of same outside air, collected simultaneously in bottles. 
Bottle (1) 2°6. Bottle (2) 3:3. Bottle (8) 2°9. Mean 2°9. 


III. Six successive analyses of samples from same bottle of vitiated air. 

(1) 166. (2) 160. (3) 164. (4) 162. (5) 15°6. (6) 158. Mean 16-1. 
IV. Three successive analyses of samples from same bottle of vitiated aur. 

(1) 51:0, (2) 508 (8) 51:4. Mean 511. 


These examples show that with ordinary care the analyses may. after some 
practice, be relied on to within 0°5 volumes on either side of the right result. 


2.—Collection of Samples in Bottles. 


For collecting samples in bottles we have found the following method satisfactory 
and convenient. . | 

The bottles used are ordinary loz. or 2oz. stoppered bottles. They 
must be both dry and clean, as when moisture and dirt are present there 
is risk of an- appreciable amount of carbonic acid being gradually produced 
by bacterial action. The bottles should therefore be cleaned with a_ brush, 
rinsed with clean (preferably distilled) water, and completely dried. The stopper is 
greased with vaseline, and after the sample is taken should be turned round until no 
air-channels are visible between it and the neck of the bottle. The stopper is held in 
position by an elastic band passed over it, and a gummed label is placed on the bottle, 
as shown in Fig. 6. . 

The sample is collected as follows. One end of a piece of rubber tubing about 
2 feet long is introduced into the bottle, the other end being held in the mouth, A 
breath of air is then sucked in, so that the bottle is completely washed out by the air 
of the room. The tube is removed while the air is still being sucked in, soas to avoid 
all risk of any of the breath passing backwards into the bottle. The stopper is 
inserted, turned round, so that no air channels are left through the vaseline, and the 
elastic band passed over it. The particulars are then written on the labcl. While 
the air is being sucked in it is desirable to move forwards 2 or 3 yards, to 
prevent any chance of the air being locally contaminated by the breath. Care must 
- also be taken that other persons are not too near. : 
. The sample may be enclosed iu corrugated paper and sent by post for analysis, or 
several samples may be sent together in a box holding six or more bottles. Along 
with each sample a form should be enclosed for entermg the result of the analysis ; 
and the analyst should note whether the bottle is dry, clean, and securely closed. 
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Appendix III.—continued. 


For the use of Inspectors of Factories it would be desirable that hottles and 
boxes of a standard size, provided with locks, should be supplied to each oflice ready 
for use, so that no unnecessary loss of time should be incurred in preparing them or 
sending them off for analysis. Samples sent off for analysis should be in 2 oz. 
bottles, so as to permit of duplicate analyses when thought desirable. 

In order to test the method of taking samples just described, the following 
experiments were made with 2 oz. bottles of air. 


I. Four bottles of outside air collected simultaneously were kept for varying 
periods and then analysed. The results were as follows :— 


Vols. per 10,000. 


Bottle (1); Analysed at once - : ; ny ie 
” (2) ” after 5 days - bs 2:8 

”? (3) ? ”? 9 ”7 " = i 3 0 

y ( (a) 28 

9 (4) re) ” 19 99 \ (b) 3-0 


II. Five bottles of air collected simultaneously in a room containing vitiated air 
were similarly kept and analysed. 


( (a) 51-0 

Bottle (1) Analysed at once - : - - \ (b) 51°4 
(c) 50°8 

”? (5) ” ” ” ‘i ra 7 . 50°8 
AE, rp after 2 days - : - (a) pk 

a) 50° 

5B) (3) ” ”? 6 ” z iF 7 F \ (b) 51-0 
(a) 50°6 


” (4) ? 9 14 9 = = = - | 


These experiments show (1) that the carbonic acid does not increase within the 
bottles ; (2) that it does not escape from them to an appreciable extent within a period 
much longer than would be required if the samples were sent away for analysis. 


III. Four samples of outside air were collected in bottles which were both wet 
and very visibly dirty from dust purposely introduced. 


Bottle 1. (Control) Analysed at once - - 2) TL BO 
ae? -f after 2 days . 4 -18998 

: (a) 80 

? 3. ) oP) 6 ”) Zz T { (b) 76 

” a: ” ” 12 7 * = - 15°0 


IV. Five samples of outside air were collected in bottles very visibly dirty from 
dust introduced. but dry. 


Bottle 1. (Control) Analysed at once - é : 53-0 
” 2. a alter 3 days a E _ 39 

iy (a) 19° 

ip: , _ gigmd -| aes 

” ne ” ” 12 ” 7 = - 3:0 

” 5. ” ” Li ya S * 3 2:8 


VY. Four samples of outside air were collected in bottles visibly clean, but wet. 


Bottle 1. (Control) Analysed at once” - : x - 30 
ig kor si after 3 days - °° - } fs = 
* — See 
me . ee ee 


122 APPENDIX. 
en LL eee 


Appendix III.—continued. 





VI. Four samples of vitiated air were collected simultaneously, two being in 
clean and dry bottles, and two in clean and wet bottles. 


Dry. Vols. per 10,000. 
(a) 20° 


Bottle 1. Analysed at once - - - z { (b) 20:8 

3. , after 9 days - 
WET. . 

Bottle 2. Analysed at once - - - - - | it 


I 
i 
I 
I 
——— 
=~ 
eye 
(Xe) 
—_ 
bo 


| a) 18°6 
2 % after 9 days - - - - - | b) 18°8 


—$——" 
iS) 
=) 


Experiment III. shows clearly that in bottles which are both wet and dirty the 
carbonic acid may increase considerably within a few days, so that samples collected 
in such bottles are useless. The samples collected in dirty but dry bottles showed no 
increase of carbonic acid, while all the samples in wet but clean bottles gave after 
some days a slight decrease, due apparently to absorption of carbonic acid by alkali 
dissolved from the glass by the water. It is evident from these experiments that 
bottles used for collecting samples must be dry, and ought also to be visibly clean. 


3.—Positions and Times at which Samples should be Taken. 


As a general rule, it is fairest to collect a sample at about the centre of a room, 
and not too near any inlet or outlet for air. A sample from the centreis most likely 
to correspond to the average composition of the air of the room. The purest and 
the least pure air will probably be found at opposite sides of the room, according to 
the direction of the wind (see, for instance, Table P., Appendix L.). Where, how- 
ever, the arrangements for distributing air in a room appear to be detective, a sample 
should be taken in the part of the room where the apparent defect exists. The 
Committee recommend in the report that in any case where legal proceedings might 
be involved two samples should be taken at different points, and the average result 
relied upon. If the means of ventilation on one side of a room are evidently detec- 
tive, these samples may be taken on that side, but at some yards apart, so as to avoid 
unduly emphasising the defect. If, however, there is no evident defect in the means 
of ventilation at one side of the room, the two samples should be taken, either at two — 
positions near the centre or on two opposite sides of the room. 

On days when there is definite fog, sufficient to render objects or lights invisible 
at a distance of more than about 200 or 300 yards, samples should not be taken, for 
the reasons given in Appendix II. Very windy days ought also to be avoided, as a 
good result on a windy day does not necessarily indicate that the ventilation is good 
on other days. Qe 

As is fully explained in Appendix IL, the composition of the air in a workroom 
will vary, up toa certain limit, with the time which has elapsed since work com- 
menced : and, so far as possible, samples should not be taken until a sufficient time 
has elapsed. 

Similarly, if gas has been burning in a room before daylight in the morning, a 
reasonable interval should be left for the extra carbonic acid to disappear before a 
daylight sample is taken. “An interval of an hour is recommended in the report. 
Where gas is burnt by daylight, either for lighting or for heating, the ordinary daylight 
standard of carbonic acid ought, in the opinion of the Committee, still to apply, except, 
of course, on days of fog, when artificial light may be necessary in any building. 
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